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P R E r A C B. 



The design of- tliia work is to furnish an epitome of the leading 
principlea of the science of Zoology, as deduced from the preaetit 
stdte of knowledge, so illustrated as to be intelligible to the hegin- 
ner. No similar treatise now exists in this country, and, indeed, 
Bome of the topics have not been touched upon in the English lan- 
guage, unless in a Btiictly technical form, and in scattered articles. 
On this account, some of the chapters, like those on Embryology 
and Metamorphosis, may, at first, seem too abstruse for scholars in 
our common schools. ITiis maybe the case, until teachers shall have 
made themselves somewhat femiliat with subjects CompHratiyelynow 
to them. But so essenlial have these subjects now become to a correct 
interpretation of philosophical zoology, that the study of them will 
hereafter bo indispensable. They furnish a key to many phenomena 
which have been heretofore locked in mystery. 

Being intended for American students, the illustrations have been 
drawn, as far as possible, from American objects ; some of them are 
presented merely as ideal outlines, which convey a more definite 
idea than accurate sketches from nature ; others have been left im- 
perfect, except as to the parts especially in question ; a large propor- 
tion of them, however, are accurate portraits from original drawings. 
Popular names have been employed as far as possible, and to tho 
BcieiitiSo names an English termination has generally been given; 
but the technical terms have been added, in brackets, whenever mis- 
undetatanding was apprehended. Definitions of those least likely 
to be understood, may be found in the Index. 

The principles of Zoology developed by Professor Agassis in hia 
published works have been generally adopted in this, and the reaults 
of many new researches have been added. 

The authors gratefully acknowledge the aid they have recaved, 
in preparing the illustrations and working out the details, from Mr. 
1» 
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E. "Dcsor for many years an aaanciate of Profeaaor Agaaaiz, from Count 
Pnurtal6a and E. C. Cabot, Esq., and also from Professor Aaa Gray, 
by valuable auggeations in the revision of the lettei--preas. 

The first part is devoted to Comparatire Anatomy, Physiology, 
and Embryology, as the haais of Claaaificatlon, and also to the illus- 
traljon of the geographical dLstributioii and the geological sucCGssioa 
of Animals ; the second to Systematic Zoology, in which the prin- 
ciples of Classification mJl he applied, and the principal groupa of 
animals will he briefly characterized. 

Should out airo be attained, this work will produce more enlarged 
ideas of man's relations to Nature, and more exalted conceptions of 
the Flan of Creation and its Great Author. 
Boston, Ji.™ 1, 1818. 



PREFACE TO THE REVISED EDITION. 

In revising the present work, the authors have endeavored to 
render more precise those passages which admitted of too broad a 
significHtion or of adouble interpretation; and to correct such errors 
as had arisen from inadvertence, or such as tlio rapid progress of Sci- 
ence has disclosed. They are indebted for many suggestions on 
these points to several distinguished teachers whohavo used the work 
tis a text book, and more cspeEially to Professor Wymaii, of Harvard 
University. Several entirely new paragraphs have also been added. 

A list of some of the principal authors who have made original 
researches, or of treatises which enter more into detail than was ad- 
missible in an elementary work, has been given at the close of the 
volumo, for the use of those who would pursue the subject of 
Zoology in a more extended manner. 

The work having thus been revised and enlaced, the authors anb- 
mit it to tlie public with increased confidence in its accuracy and 



roN, February 1, 1851. 
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EXPLANATION OP THE FIGURES. 



Frontispiece. — Tha diagram opposite the title pane ia intended to 
ptsaent, at one view, the distiibution of the principal types of aniniola, 
and the order of their succeasiTe appearange in the lajers of the earcl.'s 
prust. The four Ages of Nature, menljoned at page 221, are reprosenlcd 
by four zones, of different shades, each ot which is subdivided by circles, 
indicating tile number of formations of which they are compoapd. The 
whole disk is divided by radiating lines into four segments, to include the 
foiir great departments of the Animal Kingdom ; the Vertebrates, with 
Man at their head, are placed in the upper compartment, the Attioulatea 
at the left, the MoUuska at the right, and the Radiates below, as being 
the lowest in rank. Each of these compartments is again subdivided to 
include the different elassea belonging to it, which are named at the outer 
circle. At the centre b placed a figure to represent tbe primitive egg, 
with its germinative vesicle and germinative dot, (2TS,) indicative cf the 
universal origin of all animals, and the epoch of hfe when all are appar- 
ently alike, (275, 276.) Surrounding this, at the point from which each 
department radiates, are placed the symbols of the several departments, 
as explained on page 155. The zones are traversed by rays which repr^ 

dicates the age at which they first appeared or disappeared, all those which 
reach the circumference being still in existence. The width of the ray in- 
dicates the greater or leas prevalence of the type at different geological 
ages. Thus, in the class of Crustaceans, the Trilobitee appear to com- 
mence in the earliest strata, and to disappear with the carboniferous for- 
mation. The Ammonites also appeared in the Silurian formation, and 
did not become extinct before the deposition of the Ci-etaceous rocks. 
The Belemnites appear in the lower Oolitic beds ; many forms commence 
In the Tertiary; a great number of types make their appearance only in 
the Modern age; while only a few have continued from the Silurian, 
through every period to the present. Thus, the Crinoids were very nu- 
merous in the Primary Age, and are but slightly developed in the Tertiary 
and Modem Age. It is seen, at a glance, that the Animal Kingdom ia 
much more diversified in the later than in the earliet Ages, 

Below the circle ia a section, intended to show more distinctly the rel- 
ative position of the ten principal formations of stratified rocks (i6]) 

those on the ray leading to Ma7i, in ' he circulai' figure. See also fiauic 134. 
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EXPLANATION OF THE FtGUEES. 



ing to the climatal regions. And as the higher regions of the mountains 
correspond in temiwrature to the oliraate of higher latitudes, it will ba 
seen that the northern temperate fauna extends, along the mountains of 
Mexico and Central America, much farther lowaida the Equator than it 
does on the lower levels. In the same manner, llie southern worm fauna 

Fid. 

1. Simple cell, magnified, as seen in the house-leek. 

2. Cells when altered by pressure upon each other; from the pith of elder. 

3. Nucleated cells, {a,) magnified; 6, nacleolated cells. 

4. Cartilaginous tissue from a horse, magnified 120 diameters. 
6. Osseous tissue from a horse, magnified 450 diameters. 

6. Nervous fibres, showing the loops as they terminate in the skin of a 



7. Gray substance ol 


^thebrf 


,in, magnified. 




8. Headofanembi-j 


'o iiah, \ 


!o show its cellular struotui 




9. Biagfaiii. to sli"« 


' the m 


iryouB system of the Verte 


brates, as found 










10. Diagram of the ne 




fstem of the Articulates, as 


sceninalobstcr. 


11. Diagram of the n 


ervous' 


system of the Mollusks, as 


found in Nation 



12. Diagram of the nervous system of the Eadiates, as found in Scutella, 

( EckinaracJaum panaa. ) 

13. Section of the eye. o, optie nerre ; 6, sclerotic coat i c,ehoroid coal; 

rf, retina; e, crystalline lens ;/, cornea; ff, iris; i, vitreous body; 
i, chamber, divided by the iris. 

14. Diagram, showing the effect of the eye on raja of light. 

15. Position of the eye of the snail. 

16. Eyes {ocelli) of the spider. 

17. Eye-spots of a star-fish, (Eehinasler sfrngTimoleatia.) 

18. Compound eyes, showing the arrangement of the fa^ettes, and their 

19. Diagram of the human ear, to show the difierent chambers, canals, 

and bones. 
20 Tympanum and small bones of the ear, twice the natural size; c, 

tympanum ; m, malleus ; n, incus ; o, orbiculare : s, stapes, 
al Section of the biain of a crow, showing the origin of the nerves of 

22. Diagram of the larynx, in man. 

23. Larynit of the merganser, {MergiK merganser.) 

24. Hesta of Ploceus Philippinus. male and female. 

25. Distribution of nerves to the muscular fibres. 

23. Tu.(t, or crust-like covering of an Echinodcrm, {Oidtirh.) 
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EXPLANATION OF 1 

37. Muscular ribbons of the wlUoiv-molh, {Cossus ligniperda.') 

28. Vertebra of a cod-fish, 

29. Disposition of the muscles of the trout, [Sakiio inilla.) 

30. Disposition of the muscles of an awl, [Sirix brackyotis.) 

31. Jelly-fi^es, {Sloitwbivi'^hitJm cficciatum, Hippocrffoe Bouffamnliii.) 
^2. Leech, showing the terminal cups. 

33. Portion of a Nei-eis, showing the gills ns organs of motion. 
34-43. Modifications of the fore-ai-m. 

84, Monkey. S5. Deer. 38. Tiger. 37. Wtiale. 38. Bat. 

89. Pigeon. 10. Turtle. 11. Sloth. 12. Mole. 43, Wliale. 
44. Leg nf 3 beetle. 
16. L^ of a lizard, 
16 Skeleton of a tiger. 
47 Cuttle-fish, {LoHga illecebrosa.) 
18 Sea-anemone, [Actinia margitiaia ;) o, mouth ; 6, stomach ; 0, general 

cavity of the body. 
19. Planatia, showing the mouth, stomach, and its branches. 

.. Flan of the digestive organs of .in insect. 

!, Plan of the digestive organs of a laud-slug, [TehsHnopttorua Carolini- 
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into a vein. 
Jaws of an Echinoderm, {Echinaraelmitis parma.) 
Jaws of a sea-urJihin, {Echimis gramitatm.) 
Beak of a cuttle-fish. 

Portion of the tongue of a moUuak, (Natica hsros,) magnified 
Jaws of an Annelide, (Ni^eh.) 
Tropbi (organs for taking food) of a bestle. 

" of a bee. 
G3. " of asquiisb-bug. 
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81 


Reapiratory organ 


S of a naked moll us fe, 
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IS. 
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s (gills) of a fish. 






93 


Vesicles and canals of the salivary glands. 
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h, iMj/liobatis.) 






96, 


Egg of hydra. 








97. 


Egg of snOH-fiea, 
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Section of an ovai 
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vedot; (?, gcrmini 
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«le i », shell membrane ; w, vitelline membrane. 
99. Egg cases of Pyrula. 
lOD. Monoculus bearing its eggs, a a. 

101. Section of a bird's egg; a, albumen ; e, chalaza; e, embryo; *, shell; 

102. Cell-layer of the gei-m. 

103. Separation ot the cell-layer into three layers ; s, sero.is or neiTOUS 

104. Embryo of a crab, shoning its incipient rings, 

105. Embi-jo of a vertebrate, showing the dorsal furrow. 

106 - 8, Sections of the embryo, showing the formation of the dorsal canal. 

109, Section, showing the position of the embryo of a vertebrate. In re- 

lation to the yolk. 

110. Section, showing the same in an articulate, {Fodnrella.) 
111-22, Sections, showing the successive stages of development of the 

embryo of the while-fish, magnified, 
123. Ycung white-fish just escaped from the egg, with the yolk not yet 

fully taken in, 
124, 125, Sections of the embryo of a bird, showing the formation of the 

allantois; e, embryo; xx, membrane rising to form the amnios! 

o,.ll,nt.l,i,,,oH. 
126. Tlio Baiiic moio fully dcveloved. The allantois (n) is fm-tlier dc 
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veloped, and bent upwaids. The upper part of the yolli (rfiJ] ia 
nearly separated ftom the yolk epiiere, and is to beuonie the in- 
testine. The heart (fi) is ah-eady disfinct, and connected hj 
threads with the blood-layer of the body. 

Section of the egg of a mammnl ; v, the tliiclt vitelline menibrane, 
or chorinn ; y, yolk ; s, germinative dot ; g, germinatira vesicle. 

The same, showing tlie empty space (A) batween the vitelline sphere 

Shows the first indications of the germ already divided in two layers, 

the serous layer, M and the mucous layer, (m.) 
The maooua layer (m) expands over neatly half of the yolk, and he- 

comes covered with many little fringes. 
The embryo (c) is seen surrounded by the amnios, (S,) and covered 

by a large allantois, la,-) p e, fringes of the chorion ; p m, fringes 

of the matrix. 
Hydra, showing its reproduction by buds. 
Vortieella, showing its reptoducUon by division. 
Polyps, showing the same. 
A chain of SalpiB. 

bryos. 



An indi 


idual salpa 


m, the mouth 


Cercaria 




m of the Disto 


Distcma 


with its tw 


suckers. 



1. Nurse of the Cercaria. 

1. The same, magnified, showing the included young. 

id nursea of the Cercaria, enclosing the young nutaes. 

142. Stages of development of a jelly-fish, (Medusa ;) a. the embrso in 

its first stage, mtioh magnified; b, summit, showing the mouth; 
<:,f, g, tentacles shooting forth ; e, embryo adhering, and form- 
ing a pedicle; k, i, separation into segments; d, a segment be- 
came free ; A, form of the adult. 

143. Portion of a plant-like polyp, {Cati^amilaria ) o, the cup which 

hears tentacles ; 6, the female cup, containing eggs ; c, the cups 
in which the young are nursed, and from which they issue. 

144. Young of the same, with its ciliated margin, niagniiied. 

145. Eye of the perch, containing parasilJD worms, (Distotna.) 

146. One of the worms magnified. 

H7- Transformations of the canker-worm, {Geomeira veri^tts ;) a, the 
canker worrn ; b, its chrysalis ; c, female moth ; d, male moth. 

Its. Metamorphoses of the duck-barnacle, (^wafi/a,) a, eggs, magnified ; 
6, the animal as it escapes from the egg ; c, the stem and eye ap- 
pearing, and the shell enclosing them ; d, animal removed from 
the shell, and further magnified ; e,f, thg mature barnacle, affisod. 

14E Metamorphoses of a star-fi^b, (Eckinaster sangmnolattits,) showing 
the changes of the yolk, (e,-) the formation of the pedicle, [p;) 
and the gradual change into the pentagonal and rayed fojin. 
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16 EXPLANATION OF THE FIGURES. 

Fia. 

150, Comatult, a West India epeciea, in its earlj stage, witl: its EteiB 

151. The same detached, and swimming ftee. 

132. Longitudijul section of the sturgeon, t^ shovtlts cartilagiLous ler- 

tebral column. 
153. Amphioxus. natural size, showing its impeifect organisation. 
151. Section of the earth's ccusC, to show the relative positions of the 

phic rocks ; T, trap rocks ; L, lava. 1. Lower Silurian j 
tion ; 2. Upper Silurian ; 3. Devonian ; 4. Carboniteroi 
Trias, or SaliferouB ; 6. Oolitic ; 7. CtetaoBous ; 8, Lower Terti- 
ary or Eocene; 9. Upper Tertiaty, or Miocene, and Pleic 
10. Drift. 
IBS. Fossils of the Psjffiojoio age ; a, Lingula prima ; i, Leptaina 
nata ; c, Euomphalus hemisphericus ; d, Trorfiolites ammi 
A ■ la decussata; /, Bucania eitpanBaj g, Ortiiooerai 

i, Meloctinus amphora, Goldf. ; I, Columnaria 
CyathophjUum quadtigemiQum, Goldf.; n, o, Caninia 
fl Pj Chtetetes lycoperdon. 

Ar ul ta the Palieoaoic age ; a, Harpes ; b, Arges ; c, Brontes ; 

d P otus ; e, Earypteius remipes. 

F e Paleozoic age; a, Ptetichtbya; 6, Coccosteus ; c, 

D d, palatal bone of a shark ; e, spine of a shark. 

58 R ona of the tracks of supposed birds and reptiles in the 

S tlines of Ichthyosaurus, (o,) and Plesiosaiims, (5.) 

80 tline of Pterodaclyle. 

* Secondary age ; a, Terebtatula ; b, Goniomya ; e. 



. e, Cidaris i /, Dyaaster ; g, Nuoleolites. 
e Cretaceous formation; n, Ammonites; i, Crioceras ; 
tea; d, Ancyloeeraa; b, Hamltes ; /, Baculites; g, 

e Cretaceous formation; b, Magas ; i, Inoceramua; r, 
63 ; d, Spondylus; e, Pleiirotomaria. 
rathe Cretaceous formation; a, Diploctcnium cotdatum ; 
pites ; d, Galeritos; c, Saleuia ; e, Mioraster cor- 
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IHMODTJCTIOS. 



Every arl arid science has a language of (echnical terma 
peculiar to itself. With those terms every student musi 
make himself familiarly acquainted at the outset; and, first 
of all, he will desire to know the names of the objects about 
which he is to bo engaged. 

The names of objects in Natural History are double ; thai 
is to say, they are composed of two terms. Thus, we speak 
of the white-bear, the black-bear, the hen-hawk, the sparrow- 
hawk ; or, in strictly scientific terms, we have Felis leo, the 
lion, Felis tigrts, the tiger, Felis catus, the cat, Canis lupjts, 
the wolf, Canis vulpes, the fox, Canu familiaris, the dog, 
&c. They are always in the Latin form, and consequently 
the adjective name- is placed last. The first is called the 
generic name j the second is called the trivial, or specific 

These two terms are inseparably associated in every 
object of which we treat. It is very important, tlierLfore, 
to have a clear idea of what is meant by the terms genus and 
species ; and although the most common of all others, they 
are not the easiest to be clearly understood. The Genua is 
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causes which occasion them 

Se\erdl genera which have certain traits 
combined to toimifamiJi/ Thus, the ale wives, herrings, 
shad, Sif , form a family called Clupeida ; the crowa, black- 
birds, jiys, &c , form the family Corvidfe. Families are 
combined to form orders, aad orders form classes, and finally, 
classes are combined to form the four primary divisions, or 
departments, of the Animal Kingdom. 

For each of these groups, whether larger or smaller, we 
involuntarily picture in our minds an image, made up of the 
traits which characterize the group. This ideal image is 
called a type, a term which there vviU bo frequent occasion 
to employ in our general remarks on the Anima! Kingdom. 
This image may correspond to some one member of the 
group ; but it is rare that any one species embodies all our 
deas of the class, family, or genus to which it belongs. 
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Thus, we have a general idea of a bird ; but tliis idea does 
not correspond to any particular bird, or any particular 
character of a bird. It is not precisely an ostrich, an owl, 
a hen, or a sparrow ; it Is not because it has wings, or 
feathers, or two legs ; or because it has the power of flight, 
or builds nest's. Any, or all, of these characters would not 
fully represent otir idea of a bird , and yet every one has a 
distinct ideal notion of a bird, a fish, a quadruped, &c. It is 
common, however, to speak of the ammai which embodies 
moat full) the characteis of a group, as the type of that 
group. Thus we might, peihap'i, regard an eagle as the 
type of a bird, the ducli as the type ol a swimming-bird, and 
the malhrd as the type of a duck, and so on. 

As we must necessaulj rtnke ftequent allusions to ani- 
mals, with reference to then s) siematic arrangement, it seems 
requisite to give a 'ketch of their classification in as populnr 
terms as may be, befoie enteung fully upon that subject, and 
with particular refer<~nce to thu diagram fronting the title- 
page. 

The Animal Kingdom consists of four great divisions, 
which we call Depaetmebts, namely 

1. The department of Vertebriles 
II. The department of Articulates, 

III. The department of MoUusks. 

IV. The department of Radiates 



I. The depaitmeiit of Vfrtebri.tes includes all animals 
which have an internal skeleton, with a back-bone for its 
axis. It is divided into four classes : 



] . Mammals, (ar 
3, Dirds. 
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IHTHODUCTION. 



3. Reptiles, 

4. Fishes. 



The class of Mammals is suhdivided into three orders : 
a. Beasts of prey, {Carnivom.) 
h. Those which feed on vegetables, {Herhivora.) 
c. Animals of the whale kind, {^Cetaceans.) 

The class of Bieds is divided into four orders, namely, 
a. Perching Birds, {^Insessores.) 
h. Climbers, {Scansores.) 

c. Waders, ( Gralhtores.) 

d. Swiromers, [Natatores.) 

The class of Reptiles is divided into five orders : 

a. Large reptiles with hollow teeth, most of which are 

now exl'mcU (R/dzodonts.) 
I, Lizards, (Lflcertions.) 

c. Snskes, (Ophidians.) 

d. Turtles, (CAeZonitMJS.) 

e. Frogs and Salamanders, (Bfl/riicAtons.) 

Tlie class of Fishes is divided into four orders : 

a. Those with enamelled scales, like the gar-pike, 

{Ganoids,) fig. 157, c. 
h. Those with the skin like shagreen, as the sharks and 

skates, {Placoids.) 
c. Those which have the edge of the scales toothed, 

and usually with some bony rays to the fins, as tho 

perch, {Glenoids.) 
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d. Those whose scales are entire, md whose fin ruya 

are soft, like the salmon, {Cycloids.) 

II. Department of ARTicuLATEa. Animals whose body is 
composed of rings or joints. It embraces three classes ; 

1. Insects. 

2. Crustaoeana, like the oi^ib, lohater, &c. 

3. Worms, 

Tha class of Insects includes three orders ; 

a. Those with a trunk for sucking fluids, like the butler- 

fly, {Suctoria,) fig. 62-64. 

b. Those which have jaws for dividing their food, {Man- 

ducata,) flg. 60. 

e. Those deslitute of wings, like spiders, fleas, millipedes, 

&c., (Aptera.) 

The class Cbustaceans may be divided as follows: 

a. Those furnished with a shield, like the crab and lob- 

ster, {Malacoslraca.) 

b. Such as are not thus protected, (Entomostraca.) 

c. An extinct race, intermediate between these two, 

{JHloHtes,) fig. 156. 

T'le class of Worms comprises threp orders ; 

a. Those which have thread-like gills about the head, 

{ Tatmlihranchiates.) 
h. Those whose gills are placed along the sides, {Dor- 

sibranchiaUs.) 
e. Those who have no exterior gills, like the earth-worm 

(Abranchiates,) and also the Intestinal Worms. 
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23 IMTRODTTCTION, 

III. The department of Mollusks is divided into tiireo 
classes, namely : 

]. Those which have arms about the mouth, like tlie 

cuttle-fish, (Cephalopods,) fig. 47. 
3. Those wliich creep on a flattened dislc or foot, like 

snails, (Gasteropods,) fig. 88, 
3. Those which have no distinct head, and are inclosed 
in a bivalve shell, like the clams, (Acephah.) 

The Cephalopods may be divided into 

a. The cuttle-fishes, properly so called, ( Teulkideans,) 
fig. 47. 

h. Those having a shell, divided by sinuous partitions 
into numerous chambers, [Ammonites,) fig. 164. 

c. Those having a chambered shell with simple par- 
titions, [Nautilus.) 

The Gastehofods contain four orders : 

a. The land snails which breathe air, (Fulmonates.) 
h. The aquatic snails which breathe water, {Brancli- 
ifers,) fig. 88. 

c. Those which have wing-like appendages about the 

head, for swimming, (Pteropods.) 

d. A still lower form allied to the Polyps by their gen- 

eral appearance, {Rkizopods or Foraminifera.) 



The class of Acephals contains three orders : 

a. Those having shells of two valves, (bivalves,) like the 

clam acd oyster, (LamelUbranchiaies.) 
fi. Those having two unequal valves, and furnished with 

peculiar arms, {BracUopods.) 
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e. Mollusks living m chains or clusters, like the Sy.l|i;\, fig. 
135 ; or upon plaiit-liko stems, like Flusfra, {nri/o- 



IV. The department of Radiates is divided into three 
classes : 

1, Sea-urchins, bearing spines upon the surface, (Ec7i;;i' 

oderms,) figs. 12, 26. 

2, Jelly-fishes, {Acalephs,] fig. 31. 

3, Poly|>s, fixed Uke plants, and with a series cif fle.\ibler 

arms around the mouth, figs. 48, 77, 143. 

The EcHiNoDEHMs are divided into four ordcra r 

a. Sea-slugs, like biche-le-mar, (Holol/turians.) 

b. Sea-urchins, {EcMm,) fig. 26. 

c. Free star-fishes, {Asleridce,) fig. 17. 

d. Star-fishes mostly attached by a stem, (CriuoidSf) 

figs. 150, 151. 

The AcALEPHS include !he following orders : 

a. Those furnished with vibrating iiairs, hy which they 

move, {Ctenophorm.) 
h. The Mcdusfe, or common jelly-fishes, [Discophorn^,) 

figs. 31, 142. 
c. Those provided whh aeria! veSicles, {Sipkoiiophora.) 

The class of Polyps includes two orders. 

a. The so-called fi-esli-water polyps, and similar marina 
forms, with lohed tentacles, (Hyclroich,) fig 143. 
h. Common polyps, Uke the sea-anemone and cora)> 
polyp, {Actinoids,) fig. 48. 

In addition to these, there arc numlierless kinds of micro- 
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scopic animalcules, commonly united under the naa.e of 
infuaory animals, (Infusoria,) from their being found specially 
abundant in water infused with vegetable matter. These 
minute beings do not, however, constitute a natural group in 
the Animal Kingdom. Indeed, a great many that were for- 
mei'ly supposed to be animals are now found to be vegetables. 
Others are ascertained to be' crustaceans, moUusks, worms 
of microscopic size, or tbe earliest stages of development of 
larger species. In general, however, they are exceedingly 
minute, and exhibit the simplest forms of animal life, and 
are now grouped together, under the title of Protozoa. But, 
as they are still very imperfectly understood, notwithstand- 
ing the beautiful researches already published on tiiis sub- 
ject, and as many of them are likely to be finally distributed 
among vegetables, and the legitimate classes in the Animal 
Kingdom to which they belong, we have not assigned any 
Epecial place for them. 
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PHYSIOLOGICAL ZOOLOGY. 



CHAPTER FIRST. 



1. Zoology is that department of Natural History whio* 
relates to animals. 

2. To enumerate and name the animals which are founff 
on the globe, to describe their forms, and investigate their 
habits and modes of life, are the principal, but by no means 
the only objects of this science. Animals are worthy of our 
regard, not merely when considered as to the variety and ele- 
gance of their forms, or their adaptation to the supply of our 
wants ; hut the Animal Kingdom, as a whole, has a still 
higher sign ilicaf ion. It is the exhibition of the divine thought, 
ns carried out in one department oF that grand whole which 
wc call Nature ; and considered as such, it teaches us most 
important lessons. 

3. Man, in virtue of his twofold constitutioo, the spiritual 
and the material, is qualified to comprehend Nature. 
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Being made in the spiritual image of Got3, he is oompeieiil lo 
rise to the coaceplioii of His plan and purpose in tlie worlia 
of Creation. Having also a material body, like that of 
oilier nnimals, he is also in a coodiiion lo understand the 
mechnnism of organs, and to appreciate the necessities of 
matter, as well as the influence which il exerts over the in- 
tellectual element throughout the domain of Nature, 

4. The spirit and preparation we bring to the study of 
Niture is t matter of no little consequence When w wou'd 
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ice the first appearance of living 
l)emge<. 

7. It is but a short time since it was not difficult for a 
mun to possess himself of the whole domain of positive 
knowledge in ZiiiJlogy. A century ago, the number of 
known animals did not exceed 8000; that is to say, from 
the whole Animal Kingdom, fewer species were then 
known than are now contained in many private collections 
of certain families of insects merely. At the present 
day, the number of living species which have been aatiafac- 
lorily made out and deacrihed, is more than 50,000* The 
fossils already described exceed 6000 species ; and if we 



" The numter of vertebrate animals may be eEtimatetl at 20,000. 
About 16D0 speeies of mammals are pretty precisely known, and the num- 
her may prabably he carried to about 2000. 

The number of Birda weil linown is 4 or 6000 species, and the probable 
number is 6000. 

The Beptiles number about the aame as the Mammals, 1500 descrihed 
Bpecies, and they will ptobably reach the number of 2001). 

The Fishes are more numerous : there are from S to 6000 species in the 

The number of MoUusks already in collections probably reaches 8 or 
10,000. There are collections of marine shells, bivalve and univalve, whick 
amount to 6 ox 6000 ; and collections of land and SuviaUle shells, -nhich 
count as many as 2000. The total number of mollusks would, therefore, 
probably exceed 15,000 species. 

Among the articulated animals it is difftcult to estimate the number of 
species. There are collections of coleopterous insects -which number ^0 td 
25,000 species ; and it is quite probable, that by uniting the principal col- 
lections of Insects, 60 or 80,000 species might now be counted; fvc the 
whole department of arlioulata, comprising the erualacea, the cirrhipoda, 
the inseots. the red-blooded worms, the intestinal worms, and the infuso- 
ria so far as they belong to this department, the number would already 
amount tn 100,000 ; and we might safely compute the probable number of 
species actually enisting at double that sum. 

Add to these about 10,000 for radiata, including echini, slar-fisbea, me- 
dusEo, and polypi, and we have about 250,000 species of living animals ; and 
supposing the number of fosail species only to equal them, we have, at a 
very moderate computation, half a million of species. 
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" In a separate wotk, entitled " Nometielalor ZoOlogicm," bj L. i 
UVi, the principles of nomenclature are discussed, and a list of the n 
of genera and families proposed by authors is given. To this work 
are refen-ed who may desire to become more familiar with nomencla 
*nd to know in detail the genera and families in each class of the Ai 
Kingdom. 
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18. Our Investigalioiis should not be limited to adult 
Knimals, but should ulso include the changes which they 
UQdergo during the whole course of tjieir development. 
Otherwise, we shall be liable to exaggerate the importance 
of certain peculiarities of structure which have a predomi- 
nant character in the full-grown animal, but which are shaded 
off, and vanish, as we revert to the earlier periods of life. 

19. Thus, for example, by regarding only adult individu- 
als, we might be incJuced to divide all animals into iwo 
groups, according to thetr mode of respiration ; uniting, on 
the one hand, all those which breathe by gills, and, on the 
other, those which breathe by lungs. But this distinction 
loses its imporlance, when we consider that various animals, 
for example, frogs, which respire by lungs in the adult 
state, have only gills when young. It is thence evident that 
the respiratory organs cannot be taken as a satisfactorj 
basis of our fundamental classification. Thoy are, as we 
shall see, subordinate to & more important system, namely, 
the nervous system. 

20. Again, we have a means of appreciating the relative 
grade of animals by the comparative study of their devel- 
opment. It is evident that the caterpillar, in becoming a 
bultcrfly, passes from a lower to a higher state. Clearly, 
therefore, animals resembling the caterpillar, the worms, for 
instance, must oc py a I rank than those approaching 
the butterfly, 1 k most se Is There is no animal which 
does not underg t hanges similar to those of the 
caterpillar or tl hi 1\ , in many of them, the most 
important ones hef I th, during what is called the 
embryonic per d 

21. The life of the chicken has not just commenced when 
issues from the egg ; for if we break the egg some days 

previous to the time of hatching, we find in it a living ani- 
111 il, which, although imperfect, is nevertheless a chicken ; 
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25. Nor are 
now living. Tl b h h 

remains of a g n b p 

which do not p nJy Myfh 

remains present m d ry n 

possible to tra h 

living. In gene h y b kg g h 

bfyonic forms F P h 

ous fossils known d -n T b (F g 56) 

have a sliape so a g b d d 

what group of a U g B 

compare them i h b-y rab, iii d m b 

a resemblance that we do not hesitate to refer them to the 
crustaceans. We shall also see that some of the Fiahea 
of ancient epochs present shapes altogether peculiar to them- 
( 6 ) 6 



played, from the simple impulse to receive the food which ia 
brought within their veach, as observed in the polyps, through 
the higher manifestations, in the cunning fox, the sagacious 
elephant, the faithful dog, to the esalted intellect of man. 
which is capable of indefinite expansion. 

27. Such are some of the general aspects in which wo 
ore to cuiileraplai.e the animal c 
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w d d m y 



bd d mypdh 

hn nad a dh 

^ O 7 h w d 

lalioBs of intelligence and of creative will, withoul t<ik ng 
into account the means by which ihey are eveciited, and the 
physical laws by virtue of which all bemga preseiie their 
characteristics, will be very likely to confound the Creator 
with the creature. 

29. It is only as it contemplates, at the same time, mitler 
aod mind, that Natural History rises to its true character 
and dignity, and leads to ita worthiest end, by indicating lo 
us, in Creation, the execution of a plan fully maluied in the 
beginning, and undevialingly pursued; tlie wcik of a God 
infinitely wise, regjlating Nature accoiding to imm Sable 
laws, which He bs.- himself imposed on her. 
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CHAPTEB SECONl.. 
Q&NEBAli PROPERTIES OF ORGANIZED BOmES. 



(m ) 

( g ) 



changes from internal causes ; its constituent parts or mole- 
cules invariably preserve the position which they have once 
taken in respect to each other. Organized bodies, on the 
contrary, are continually in aci 'on. TVie sap circulates m 
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36 ELEKEMTAUY STRUCTHBE OF OKGAMIZBD BODIES, 

the tree the blood flows through he an mal an 1 n bo h 
iheie B bes (3 s the ticessant movement of gro h decom 

33 The mode of fo mat on s aho e t rely d fferent 
Ui o ga zed bod es are e her = nple or r ade up ol ele 
merits nl ke tie sel es ad when a n enl s en 
larged t s s ply by the ou vb d aid on ot jaitdea 
constituted Ike tself Organ zel bodes are lot forned 
n t! s a teP lleyalvays an! ne essa ly -iederved 
from be ngs s n lar to the 1 elve« a d once formed they 
at vays ncrease nier t lly, by the success ve ass m lat on 
of new particles, derived from various sources. 

34. Finally, organized bodies are limited in their duration. 
Animals and plants are constantly losing some of their parts 
by decomposition during life, which at length cease to be 
supplied, and they die, after having lived for a longer or 
shorter period. Inorganic bodies, on the contrary, contain 
within themselves no principle of destruction ; and unless 
subjected to some foreign influence, a crystal or a rock would 
never change. The limestone and granite of our mountains 
remain just as they were formed in ancient geological 
epochs; while numberless generations of plants and ani- 
mals have lived and perished upon their surface. 



SECTION II. 

ELEMENTAKY STRITCTTIHE OF ORGAfJIZED BODIES. 

35 The e\erci=e of the functions of life, which is the 
evitnlial chiracle istic of organized bodies, (32,) requires a 
d piuo if fl(\bilil\ of the orgms This is secured by 
means of a (.ertain quantity of witery fluid, which pene- 
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s a]f parts of the body, a.nd forms one of its principal 



36. All living bodies, without exception, are made up of 
tissues so constructed as to he permeable to liquids. There 
is no part of the body, no organ, however hard and compact 
it may appear, which has not this peculiar structure. It ex- 
ists m the bones of animals, as well as in their tlesh and fat j 
m the wood, however solid, as well as in the bark and flowers 
of plaQls. It is to this general structure that the terir -or- 
ganism is now applied. Hence the collective name of 
organised beings,* which includes both the animal and the 
vegetable kingdoms. 

37. The vegetable tissues and most of the organic struc- 
tures, when examined by the microscoj)e 
in their early states of growth, a 
to be composed of hollow vesicles or cells, i 
The natural form of the cells is that of a ' 
sphere or of an ellipsoid, as may be easily 
seen in many plants; for example, it 
tissue of the house-leek, (Fig. 1.) 
intervals which sometimes separate them 
from each other are called iitiercellular p 
{«(.) When the cellules are very r 
each other, their outlines become angular, : 




nlalntennnce of life and tho perpetuation of the species. Since 
loovery of the f^indamental identity uf sttucture of animal and- 
lie tis3uB», a common denominBtion for this uniiormity or texCute 
■II juBtty preferred ; and tlie existence of tissuf 8 is now reearde-t 
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Fig. 3. 



OF ORGANIZED I 

the pith of the elder. They then 
have the form of a honey-comb ; 
whence they have derived their 
name of cellules. 

38. All the organic tissues, whether 
animal or vegetable, origiQate fr 
colls. The cell is to the organ- Kg- 2. 
ized tody what the primary form of the cryslal is to the 
secondary, in minerals. As a general fact, it louy be sialtd 

^ J that animal cells are smaller tlian vegetable 
i~0 SK <^ells ; bill they alike contain a central dot or 
t3 (^ vesicle, called nucleus. Hence such cells are 
called nucleated cells, {Fig. 3, a.) Sometimes 
the nucleus itself contains a still smaller 
dot, called nucleoltis, (i.) 

39. The elementary structure of vegetables 
served in eveiy part of a plant, and its cellular 
has been long known. But with the animal t 
far greater difficulty. Their variations are 
their transformations so diverse, that after the 
period it is sometimes impossible, even by the closest e 
ination, to delect their original cellular structure. 

40. Several kinds of tissues have been designated in the 
animal structure ; but their differences are not always well 
marked, and they pass into each other by insensible sliades. 
Tlieir modifications are slill the subject of investigation, and 
we refer only to the most important distinctions. 

41. The areolar (issue consisls of a network of delicate 
fibres, intricately interwoven so as to leave numberless 
communicating interstices, filled with fiuid. It is inter- 
posed in layers of various thickness, between all parts of 
the body, and frequently accompanied by clusters of fat 
cells. The fi'—ous and the serous membranes arc mere 
modifications of this tissue. 

42 The ca"'.ilaginou3 tixsue is comp<.>sed of i iicleated 
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cells, the intercellular spaces being filled with a more 
pact substance, called the hyaline mattet Figuie 4 n 
Bents a slip of cartilage from the horse, under 
a. magnifying power of one hundred and 
ty diameters. 

43. The osseous or bony tissue differs ftoir 
the cartilaginous tjssue, in haTing its meshe; 
filled with salts of lirae, instead of hyaline sub 
stance, whence iLs compact and solid appear- 
ance. It contains, besides, minute, rounded, 
or star-like points, improperly called bono- 
corpuscles, which are found to be cavities oi 
canals, sometimes radiated and branched, 
is seen in figure 5, representing a section of a 
bone of a horse, magnified four hundred times. '^' ' 

44. The muscular tissue, which forms the flesh of ani- 
mals, is composed of bundles of parallel fibres, which pos- 
sess the peculiar property of contracting or shortening them- 
selves, under the influence of the nerves. In the muscles 
under the control of the will, the fibres are commonly 
crossed by very fine lines or wrinkles ; but not so in the 
involuntary muscles. Every one is sufficienlly familiar with 
this tissue, in the form of lean meat, 

45. The nervous tissue is of different kinds. In the 

nerves proper, it is composed of 

very delicate fibres, which return 

back at their extremities, and 

form loops, as shown in figure 6, 

representing nervous threads as 
«pi«ii«ii they terminate in the skin of a 
lillmil ^''"g- The same fibrous structure 

is found in the white portion of the brain. But 

the gray substance of the brain is composed of 
ite granulations, interspersed with clusters of larger 
een in figure 7. 
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DIFFERENCES BETWEEN ANIMALS AND FLANTS. 



DIFFERENCES 

49. At fii-st gJunce, nolhing would seem more wi)?(;ly 
different than animals and plants. What is there in com- 
mon, for instance, between an oak or an elm, and the hird 
which seeks shelter amid their foliage ? 

50. The differences are usuaUy so obvious, that this 
niieslion would be sunerfluous if aDDlicd only to the higher 

trast diminishes, 
led ; and as we 

les at length dif- 
lave before us is 

_. . ..__,. , , <5 have so great a 

resemblance to some of the polypi, that they have generally 
been classed among animals, although in reality they be- 
long to the vegetable kingdom. 

51. Animals and plants differ in the relative predomi- 
nance of the elements, oxygen, carbon, hydrogen and nitro- 
gen, of which they are composed. In vegeiables, only a 
small proportion of nitrogen is found ; while it enters largely 
into the composition of the animal tissues, 

62. Another peculiarity of the Animal Kingdom is, the 
presence of large, distinctly limited cavities, usually intended 
for the lodgment of certain organs ; such is the skull and 
[he chest in the higher animals, the cavity of the gills in 
fishes, and of the abdomen, or general cavity of the body, 
which esists in all animals, without exception, for the pur- 
pose of digestion, or the reception of the digestive organs. 

53. The well-defined and compact forms of the organs 
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individuals IS foi ihe most pait difleient in the two Itrngdoina, 
No limit is usually placed to the increase of plants ; trees 
put out new branches and new roots as long as they live. 
Animals, on the contrary, generally have a Umited size and 
figure ; and Ijiese once attained, the subsequent changes are 
accomplished without any increase of volume, or essential 
alteration of form ; while the appearance of most vegetables 
is re|)eatcdlj modified, in a nolablc manner, by the develop- 
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rs h p ocess, and tV s J sh oxygen, which is so 
I mals. If a ai nal be confined in a small 

] rt f a oc water conta g a h s soon becomes so 
d by re piraliou, as to be mh o sustain life ; but if 
I g pla e enclosed w h the a al at the same time, 

h ained pure and o d fficulty is experienced. 

T p "ac al ffect of this compensation, in Ihe economy of 
N b ously most important ; vegetation restoring 

i phere what is consumed by animal respiration, 

b &. , and vice versa, 

57 B e are two things which, more than all others, 

d I 1 animal from the plani, namely, the power of 

moving itself or its parts at will, and the power of perceiv- 
ing oth.er objects or their influences ; in other words, volun- 
tary vwtioii and sensation. 

58. All animals are susceptible of undergoing pleasure 
and pain, Planls have also a certain sensibility. They 
wither and fade under a burning sun, or when deprived of 
moisture ; and they die wlien subjected to too great a de- 
gree of cold, or to the action of poisons. But they have no 
consciousness of these influences, and suffer no pain ; while 
animals under similar circumstances suffer. Hence they 
have been called animate beings, in opposition to plants, 
which are inanimate beings. 
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CHAPTER THIRD. 

FUNCTIONS AND ORGANS OF ANIMAL LIFB. 



OF THE NBKVOUS SYSTEM A 

59. Life, in animals, is manifested by two sorts of func- 
tions, viz. : First, the peculiar /unriioiis of animt.l life, or 
those of relation, whicli include the functions of sensation 
and voluntary motion ; those which enable us to approach, 
and perceive our fellow beings and the objects about us, and 
to bring US into relation with them : Second, the functions 
of vegetative Kfe, which are nutrition in its widest sense, 
and reproduction ; • those indeed which are essential to the 
maintenance and perpetuation of life. 

60, The two distinguishing characteristics of animals, 
namely, sensation and motion, (57,) depend upon special 
Bj'slems of organs, which are wanting in plants, the nerootta 
system and the muscular system under its influence. The 
nervous system, therefore, is tlio grand characteristic of the 
animal body. It is the centre from which all the comnianda 
of the will issue, and to which ail sensations tend, 

• This distinction is the more important, inasmuoh as the organs ot 
animal life, and those of vegetative life, spring from very distinct layers 
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61. Greatly 
ume of the 

vary in different anim 
they may all be reduced 
four principal types, w 
correspond, moreover, tc 
four great departments of 



In 



Animal Kin 
verlebrate anim 
the fishes, reptilt 
mammals, the 
tern is composed of two 
cipal masses, the spinal 
row, (Fig. 9, c,) which 
along the back, and tlie 
brain, contained within the 
skull.* The volume of the 
brain is proportionally larger 
as the animal occupies a 
more elevated rank in the 
scale of being. Man, who 
Rfands at the head of Crea- 
tion, is in this respect also the 
most highly endowed being. 

63. With the brain and spinal 
nerves, which are distributed, in 
threads, through every part of thi 
which unite with the brain are twelv 




the firji 



their relative proportions, in diFTerent unimals, as will appear liereariei 
The; are — 1. The medulla oblongata; 2. Cerebellum; S. Optic lobes 
Jr. Cerebral liemisphereB ; 5. Olfactory lobes ; 6. the pituitary body \ 'i 
the pineal body, {See figures 9 and 21.) The spinal marrow is made u] 



:., Google 
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bitit nene^, ami aie designed chiefly foi tlip organ'; of 
fienso located in the head Those which |oin the bpiii il 
marrow aie also in pairi, onp pan for each vertebra or 
joint of the back The nutnbei of pairs \anfs, therefore, in 
different classes and families, according to the number of 
vcrlebriB Each nerve is double, in far-t, being eomposed 
of two threads, which at ilieir junction with the spmal mar- 
row are separate, and afterwards accompany each other 
throughout their whole course The ante! lor thread trans 
mits the commands of the will whch induce motion; thu 
other receives and convevj impres'^ions to the brain, lo pio 
ducP sensilions 

63 In the Articulitpl animals, ooinpnsmg. the crabs, 
b'iinicles, worms, spi- 
ders, insects, and oth- 
er inimals formed of 
rings, the nervous sys- 
pl~ 111, tem consists of a se- 

ries of small centres or swellings, called ganglions, (Fig. 10,) 
placed beneath the alimentary canal, on the floor of the gen- 
era! cavity of the body, and connected by threads ; and of a 
more considerable mass placed above the cesophagus or 
throat, connected with the lower ganglions by threads which 
form a collar around the alimentary canal. The number of 
ganglions generally corresponds to the number of rings. 
64. In the MoUusks, (Fig. 11,) the nervous system con- 
sists of a single ganglionic 
cire(e,the principal swell- 
ings of which are placed 
symmetrically above and 
below the CBSophagus, and 
from whence the filaments, 
which supply the organs 
iko their origin. 
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65 In Ihe E^dlala, (Fig 13,) thi 
duced to a single ring encuclmg 
The mouth, and gmng off threads 
toward'! the ciicumterence It dif 
fers east ntially from that of the 
MolKi&ks, bv being dispoicd in ai||||i 
horizontal position, and bj its slai- u 1 
like form 

66. The nerves branch off and 
diffuse sensibility to every portion 
of the body, and thereby men and *^'S- 1^- 

the higher animals are enabled to gain a knowledge of the 
general propeHies of the objects which surround them ; every 
point of the body being made capable of determining whether 
bj ■ h t Id d y " h d ft & Tl 

p rts, h h d f h fi rs f 
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OF THE SPECIAL i 



1 Of SifJll 

69 b^ht IS Ihe sen=e bj wht,h li„ht is perceiieH and 
by mc^ns of whuh the outlme-i dimeniions, rplative posi- 
tion, color T.nd biilliancy of objects arn discerned Some 
of these piopeities rmy be ^No a&certaiBed though iii a less 
perfect mannei by tlie sense of touch We mav obtain an 
idea of the size and sh ipe of an object, by handling it , but 
the pvoperliea thiit have a relation to light, such as color and 
brilliancy, and also the form and size of bodies that aie be- 
yond our reach can be leco^nized by si£;ht only 

70 The EYE n the organ of v sion The numbei struc- 
ture, and posit on ol the ejes m the bodv is considerably 
\aned m the different classes But whatever maj be their 
position, these organs in all thp higher animals tie in i onnec 
tion with particular neues, called the opttc neraes, (Fig 13, 
a) In the vertebrates the^Je are the second pair of the cer 
ebial nervet, and aiisp d rectly fiom the ra ddle mass of the 
biain, (Fit; '21 i ) wh ch in the embiyo, is the most con 
siderabic ot all 

71 rhiou^hout the «hole sei es of ^crlebrati. aninn ils, 
the ejea aie tnU tHo in num. 
ber and occup; bonj caMtiea 
of the skull called the orhls 
The organ is a globe oi hollow 
apheie formed by three piinci- 
pal mernbranes, enclosed one 
■within the other and filled with 
transparent matter. Figure 13 
represents a vertical section 
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rtirough the eye, from before backwards, and will give an 
dea of ihe relative position of tlieso difierenl parts. 

73. The outer coat is called the lerol' (' ) it is a 
thick, firm, white membrane, havi g s an e o po on 
transparent. Th'S transparent segme w oh s ems se 
llie opaque portion, like a watch-glas. n ts n is ca ed he 
cornea., [f.) 

73. The inside of the sclerotic is d by a da It 
colored membrane, the choroid, (c.) I bee es de c ed 
from the sclerotic when it reaches e e e of 1 e o e 
and forms a curtain behind it, 'this cu a ^ e he eye 
its peculiar color, and is called the ins, {g.) The ins read- 
ily contracts and dilates, so as to enlarge or diminish an open- 
ing at its centre, the pupil, according as more or less light 
is desired. Sometimes the pupil is circular, as in man, the 
dog, the monkey ; sometimes in the form of a vertical ellipse, 
as in the cat ; or it is elongated sidewise, as in tbo sheep. 

74, The third membrane is the reltna, {d.) It is formed 
by the optic nerve, which enters the back pari of ihe eye, by 
an opening through both the sclerotic and choroid coats, and 
expands upon the interior into a whitish and most delicate 
membrane. It is upon the retina that the images of objects 
are received, and produce impressions, which are conveyed 
by the nerve to the brain 

75 The fluids whi h occupy the cavity of the eye are of 
different den-.ilies Beh nd, and directly opposite to Iho pupil, 
IS phced aspl(,roidil body, called the crystalline lens, (c.) 
It IS tolerably firm, perfectly transparent, and composed of 
layers of unequal den'iLty, the interior being always mora 
ctmpicl than the exterior Its form varies in different classes 
of animals In general, it is more convex in aquatic than in 
land animals, whilst wnh the cornea it is directly the con- 
trary, being flat in the former, and convex in ihe latter. 

76. By means of the iris, the cavity, {i,} in front of the cry&. 
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tallme lens i*? dm ie i into two compariments cdled ie an 
tenor a id postei loi eliami rs The flui 1 which f is ti esb 
chambers s a clear wateij I quid called the aqueous hamor 
The portion of the globe bel nd the lens which is much ihp 
Hrgest IS filled by i geKtinous liquid perfectly transparent, 
like that ot the chimbers but somewhit more dense 1 lua 
IS cillef the vitreous humor {h ) 

77 lie (bject of this apparatus is to leceive the rays of 
light, wh ch diveige troni all points of hodict. pi iced before 
i(, and to bring Inem agun to a point upon the retina It is 
ft well known lact, that when a ra> of ! ght passes obliquely 
from one medium to anoihei of d fferent density it will be 
refracted or turned out of its course more o- ■'"is, according 
to the difference of this den? t^ and ihi. ohliq iit^ at wh ch 
the ray striltes the surface. This may be illustrated by the 



foiiowing figure, (Fig. 14.) 




The ray a c, which strikes the cornea A B perpendicularly, 
1 without deviation, until it reaches the botfom of 



the eye at c. But the rays a m and an, which strike the eye 
obliquely, change their direction, and instead of proceeding 
onward to m ^ and n d, lake the direction m i and n f A 
fitill further refraction, though less considerable, is occasioned 
by passing through the crystalline iens C D, and the vitreous 
humor, 30 that the two rays, m i and nf, will at last meet in 
a point. This point is called X]e focus, (c,) and in distinct 
vision is always precisely at the rulina, E F. 

78, From thii arrangement, the image found upon the 
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TLtiin w 11 bp in^prled Vie may satis 'y oursehos i f this 
by (liitot ob'iemtioii The <,\e of tht, whitp labbLt being 
desUtuie of tlie black pigmeot of the choroid, is quite tians- 
pareiit Take the eje, soon dfter the death of the aoimal, 
and arrange it in one end of a ti be, =0 that the cornea will 
fdco outwards, then if we look in at the other end of 
the tube, we may see objects to which it is directed exactly 
picturud upon the retina, but in a levcrsed position 

19 The mechanical stiucture of the pye may be poi 
fectly imitated by art Indeed, the cameia obacin 13 an 
inJiliument constructed on the very samp plan By it, eiter 
nil cbjecls are pictuied upon a screen placed at the bottom 
of the instrimcDt behind a m^gn i^ing lens The bcreon 
represents the retina, the dirk wills of the instiummt 
represent the choioid , and the cornei, the cnstalline lena 
and the vitieous humoi combined aie represented by the 
magnify ing lens But there is th s impoitant difference that 
the eje his the power of changing its form, and of adapt 
ing itself so is to discein with equal precision very remote, 
as well as very near objects 

80 Bv means of muscles which aie attached to the ball, 
the eyes may be lolled m eveij direction, so as to vilw ob- 
jects on ill sides without moving the head The eyes are 
usually protected bv hd*., which aie two in the mammals, 
and genenlly fum shed with <i idnge of hairs at then tdgea, 
called eye lasltes Birds have a thud lid, which is \eitical , 
this IS also found in most oi the reptiks ind a few mam- 
mals In fishes, the tids are nauling, or immosable 

81 The eye constructed is above described s called a 
simph eye, ind belongs more especially to the vertebrate 
animals In mm, it ariives at its h ghcst peifeUion In 
him, the eye also pcifoims a mure exallcd oflice than meio 
vision It IS 1 mirioi, m which the innei man is reflected 
His passions, his joys, and his sorrows, his inmost self, ara 



:., Google 



SPECIAL SENSES. 



placed upon the sides f h 1 
83. The snail and k ! d 

ly 



I by 



' ) 
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Th 



i IS leas perfect than m the cuttle- 
Fig. 15. fish, but Still there is a crystalline lena, 
and move or less distinct traces of the vitreous body. Some 
bivalve mollusks, the scollops for example, have likewise 
a crysfailiae lens, but instead of two ejes, thej are furnibhed 
with Dumerous eye-spots, which are arranged like a border 
iround the lower margin of the animal 

84. In spiders, the eyes are likewise simple, and usually 

^^ ^ eight m number These 

^*<a^ ^fctjH ^ j # \^ httle organs, usually called 

^^^^SBBJj^^ ocelh, insteid of being 

^^^^Hj^^^H^B on the sides 

^H^^^^HHB^HB^^^ the bodj or of the hetd, 

^^^^^^y^K^^ ocrupj the anterior part 

^^^^^^ ^ ^ of the back All the esscn- 

Fig. la. iial parts of a simple eye 

ihc cornei , the crystalline lens, the vitreous body, are founri in 
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them, and even tlie choroid, whicli presents ilself in tlie 
form of a black ring around ihe crystalline lens. Many in 
sects, m their caterpillar stale, also have simple eyes, 

85. Rudiments of eyes have been observed in very 

many of the worms. They generally appear as small 

bliick spots on the head ; such as are seen oo ihe head 

of the Leech, the Planaria and the Nereis. In these tatter 

animals there are four spots. According to Miiller, they 

are small bodies, rounded behind, and flattened in front, 

composed of a black, cup-shaped membrane, containing a 

small white, opaque body, which seems to be u continuation 

be doubted, therefoi'e, that 

ack the optical apparatus 

m g w ist suppose that Ihey can 

ss of light, without the power 
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Fig. 17. 
d animals, the eyes, what 
1 each other. But there is 
known as aggregate eyes. 
-bugs, for instance, the eyes 
lose of spiders ; each eye 
vitreous body, surrounded 
eyes consequently form it 
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Bi j p h p 11 (1 Tiove nu- 
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which lives m the Mammoth Ca\e, and which appears to 
want even the orbital cavity. Tho craw-fishes, (Astacus 
pelliicidus,) of this same cave, are also bliod ; having 
merely the pedicle for the eyes, without any traces of 

2. Hearing. 
91. To hear, is to perceive sounds. The faculty of per- 
ceiving sounds is seated in a peculiar apparatus, the Ear, 
which is constructed with a view to collect and augnaent the 
} vibrations of the atmosphere, and convey them to 
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the acoustic or ouditoiy nerve, which arises from the postO" 
rior part of the brnin. (Fig. 21, c.) 

92. The ears never exceed two in number, and are 
placed, in all the verlebrates, at the hinder part of the head. 
In a large proportion of oiiimals, as the dog, horse, rabbit, 
and most of the mammals, the external parts of the ear 
are generally quite conspicuous ; and as they are, at the 
Bame time, quite movable, they become one of the promi- 
nent features of physiognomy. 

93. These externa! appendages, however, do not consti- 
tute the organ of hearing, properly speaking. The true seat 
of hearing is deeper, quite in the interior of the head. It ia 
usually a very ccimpiicated appai-atus, especially in (he supe- 
rior animals, in mammals it is composed of three parts, the 
external ear, the middle ear, and the internal ear ; and its 
•truclure is as follows : (Fig. 19.) 




94. The external ear, which is popularly regarded as the ■ 
ear, consists of the conch, {a,) and the canal which ieads 
from it tlie tslrrnal avdilory passage, {h."^ The first is t 
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grisllj expansion, in the form of a horn or a funnel, the 
object Df which is to collect the waves of sound ; for this 
reason, SQimals prick np their ears when Ihey listen. The 
ear of man is remarkable for being nearly immovable. 
Therefore, persons, whose hearing is deficient, employ an 
artificial trumpet, by which the vibrations from a much 
more extended surface may be collected. The external 
ear is peculiar to mammals, and is wanting even in some 
aquatic species of these, such as the seals and the Oroi- 
thorhyucus. 

95. The middle ear has received the name of the tym- 
panic caoity, (ft.) It is separated from the auditory passage 
by a membranous partition, the tympanum or drum, (c ;) 
though it still communicates with the 
jf a narrow canal, called the 
opens at the back part of the motnt 
In the interior of the chamber a e 
four little bones, of singular forms 
which anatomists have distinguished 
by llie names of malleiis, (Fig. 20, c ) 
incas, («,) stapes, (a,) and os orhici 
lore, (o;) which are articulated to 
gether, so as lo form a continuo 8 
chain, as here represented, magnified 

96. The internal ear, which s '' 
also denominated the labyrinth, is an e a c 
in the most solid part of the temporal hone, beyond tno 
chamber of the middle ear, from which it is separated by a 
bony partition, which is perforated by two small holes, called, 
from their form, the round and the oval apertures, ihe fora- 
men rotundum, (Fig. 19, g,) and the /oromfB ovale, (A.) The 
first is closed by a membrane, similar to that of the tj-npa- 
num, while the latter is closed by the stapes, one of thi; little 
bones □ the chamber. 
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97. Three parts n,e to be disiingnished in the lahyrinth, 
namely, the vestibule, which is the part at the enirHnce of the 
nvity ■ the semicirmlar canals {d ) which occupy its upper 



paitiy by means of the Iitllc bones in the chambei, which aie 
disposed in such a matiner that the stapes exacily fits the oval 
aperture, (foramen ovale;) and parliy by means of the air 
which strikes the mcmbnne covering the round aperture, (g,) 
and produces vibrations there, coiresponding to those of the 
tympanum After ill these modihcations, the sonorous 
vibrations at last ainve at the labyi nth and the aud tory 
nerve, which transmits tbe impiession to the biain 

99 But the mechanism of hearing s not so complicated 
m all classes of animals, and is found to be moie auJ more 
simplified IS we descend the sei es In buds, the middle 
nnd interioi ears are constructed on the same plans as m the 
mammali, bitlheoute ear no longer ex &ts and the audi- 
tory passage open ng on i level w: h the surface of thp head 
behind the e^es la merely tiunoinded by i eiicle of peculi- 
fl-ly foimed featheis. The bones of the middle ear are also 
'esa 11 -merous, there being generally but one. 
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100 Ii lejliles, the whole e-stenor ear dls^ppe■^l'. , the 
nuJituij passage is alwtiy^ wanting and the t}iiipanum he* 
cones e\lemal In homi, toads, oven the middle ear also is 
completely v, inting The flaid of the vesiibule is charged 
wiih sails of limi , which fiequenlly g ve it a milky appear 
aiice, and which, when examined by the microscope, ire 
k iitid to bi> composed of an infinite number of crj stals 

101 In fishes, the middle ind external ear arc ho'h 
ttdnting, ind the orgao of hearing is reduced to a iicm 
bianoos vestibule, ••ituated in the cavity of the skull, and 
s mounted by sem circular canals, from one to thiee in 
numi)t,r The liqu d of the lesiibule contains chalky coii- 
cietions of irregular foims, which aie called Otohtes, ihe 
U'ie of which is doubtless to render the vibration of sounds 
more sensible 

102 In ciabs, the organ of hearing is found on the lower 
face of the head, at the base of the large antennce It is a 
bony chamber closed by a mernhnnt,, in the inteiior of 
which IS suspeniled a memhnnous sac hllcd with water On 
this sac, the auditoiy nerie is expanded In the cuttleiisli, 
the vestibule is a simple excavation of the cartilage of the 
lead, containing d little membranous sac, m which the audi 



103 finally, borne insects, the grasshopper for i 
live an audiioij apparatus, no longer situated m the head, 
IS w th other animals but m the Ifgs , and tiom this fact, we 
nij be allowed to suppose, that if no oigan of hearing has 
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bO 

their object merely to nid t!ie pi 
precision and accunicy. Henc 
sense of hearing is dull in ani 
duced !o its most simple form ; 
merely a simple membranous 
auditory passage, as the fishes, or 
CBnals, as the crabs, perceive sounds 
feet manner. 



■epiion of sound with mora 
we may conclude thai the 

d that animals which havo 

c, without lympanum and 

or without semicircular 

very impcr- 



3. Of Smell. 
i the faculty of perceiving odora, and is 
a hiu-hly important 




a, olfactory nerve; b, optic 
; d, cetetrmn ; 
/, nostriL 

Ira 

106. The organ of smell is ihe Nose T1 ro „1 o 1 e 
series of vertebrates, it makes a [.at of he face a d a 
man, by reason of its prominent form, it becomes one of the 
dominant traits of his countenance ; in other mammals, (ho 
oiise loses this prominency by degrees, and the nostrils no 
longer open downwards, but forwards. In birds, the position' 
uf the nostrils is a little different ; they open farther back 
and higher, at the origin of the beak, (/,) 

107, The nostrils are usually livo in number. Some fishes 
have four. They are similar openings, separated by a [lav- 
titioQ upon the middle Una of the body. In man and the 
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mammalfi, the outer walls of the nose are composed of carii- 
lage ; but internally, the nostrils communicate with bony cav- 
ities situated in the bones of the face ind forehead These 
cavities Idb Ikmb h p y 

brane, olh pddl fmll 1 

the olfac 7 n 1 f 1 f h 1 h 

108. ripor-isf 11 g asfll Odra 

[■articles f mdl hh pfm ymy 
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111. No special apparatus for smell has yet been founJ iii 
Invertebrates. And yet there can be no doubt that insects, 
crabs, and some mollusks perceive odors, since they are 
attraeled from a long distance by the odor of objects. Soma 
of these animals may be deceived by odors s'Tiilar to those 
of tSieir prey ; which clearly shows that they are led to it by 
this sense. The carrion fly will deposit its eggs on plunla 
which have the smell of tainted flesh. 

4 OfT 

112. Taste fl od 
pereeiveii. T fl 

tube, on the s B 

warned lo ab m T 

mate connect h ta ra 

both these sen ea ca 
of food. 

113. The aa 
those of sight T 

single trunk, 

isolated paft o ra g 

n f n se 

h e s g 

bu ed Th 

1 le aspe i & m ea 

I e paj llffi 

of the dog, hors &, 

114. Birds ca som m b 
set with little ff m g d 
at thn edges 
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or it is even barbed at ils point, as in the wot d peckers. 
In some reptiles, the crocodile for example, the tongue 
is adherent* in others on the contraiy, it ia capable of 
d g h in h 

pe myth glgh ke 

pylkh fhhml dndfglfil 

Uy 1 Q a b 1 g n Ily Ih ad 

f f q b [w h h 

115 I b p -a d h i wh 1 1 a 
I 1 e mu b ry b pi 

Ij a 1 1 11 fi h d y 

bd Uhpywh Ifih 

] Ily 1 e 7 np f p d bj h 

d ly II a fi I b I p b bl ! h j 

g d d h h f 1 ir prey bj gl 1 

hub) 11 

116 S f b f anra I 1 h food w h 
n I I d T! fl II t 1 g y 
prt fbd Smfl 11 k h 1 
f mpl I I 1) d y b h f b 
fdig 1! b pflydlpd 

p i m I d I t ly ' 

Ihj hfl fh fd\\hm b 

Bens Ik ! rs y b [; Ij ni[ d by 
and e pbl be I h ahhd 

of d 1 y 

5. Of Touch. 

117. The sense of touch is merely a peculiar manifesta- 
lioti of the general sensibility, seated in the skin, and 
dependent upon the nerves of sensation, which expand over 
the surface of the body. By the aid of this general sensi- 
bility, we learn whether a body is hot or cold, wet or dry. 
We may also, by simple contact, gain an idea, to a certain 
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pxtent, of the form and consistence of i bodvi a"!, for exam- 
ple, whcthei it be -hirp or blunt, soft or hard 

118 This facultj resides more especnllj in the hind, 
which IS not only eiidoued with a mcie delicite tact, but, 
owing to the diapo=ition of (he fingers, -iiid the opposition of 
the thumb to the other fingers, is capable of so moulding 
itself around objects, ta lo multiply the points of contact. 
Hence, touch is an attribute of man, rather than of other 
animals, tor among these latter, scarcely any, except the 
monkeys, have the faculty of touch in their hands, or, as it 
is lechniLiHy termed, o( palpation 

119 In some animals, this faculty is exercised by other 
organs Thus the tiunk of the elephant is a most perfect 
organ of touch , and prubably the mastodon, who-e numer- 
ous relics aie found scatteied m the supeificial lajers of 
the eaitbs crust, was furnished with a "sim lar organ 
Serpents make use of their tongue for to ich insects 
employ their palpi, and snails tlie i tentacles, fii the snnie 
purpose 

6. The Voice. 

120. Animals have not only the pow f p g 

(lilt many of them have also the fa 1 y f p d g 
sounds of eveiy variety, from the roarii gill 1 

gthbd 1 h gs In 

b kdbh hh ddia 
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mistake for it tlie buzzing of the bee, which is merely a 
noise creutei by the vibration of the wings ; nor the grating 
shriek of the Locust, (grasshopper,) caused by the friction of 
hJa legs against his wings ; nor the shrill noises of the cricket, 
or the tell-tale call of the katydid, produced by the friction 
of the wtQg covers upon each other,and in numerous similar 
cases whicli might he cited. 

122. Consequently, were the mammals, the birds, and the 
frogs to be struck out of esisience, the whol A m 1 K 
doin would be dumb. It is difficult for us, li^ 1 d 
of the thousand various sounds which strike f "n 11 
sides, to conceive of such a slate. Yet s h a d d 
doubiless prevail for thousands of ages, on tl f f 
globe, when the watery world alone was it b d d b 
fore man, the birds, and the mammals w 

123. In man and the mammals, the voice i 
organ called the larynx, situated at the uppej 
windpipe, below the bone of the tongue, {a.) ^ 
The human larynx, the part called Adam's 
^pple, is composed of several cartilaginous S-lj^ d^j' 
sieces, called the thMoid cartiljge, "■ * *'— ' >^-f~ 

jricoid cartilage, (/■,) and the small arj tenoid , 

cartilages. Within these aie found two large 

folds of elastic substance, known by the nanio Fig. 22, 

of the vocal em-ds., {m ) Two other analogous folds, the 
superior 'ligaments of the glottis, (n,) aie situated a little 
above the preceding The glottis (o) is the space between 
these four folds. The airangement of the vocal cords, and 
of the interior of the glottis in man, is indicited by dotted 
lines, in Fig. 22. 

124. The mechanism of the \oice is as follows the air, 
O' its way to the lungs, pabses the local coids So long as 
these are in repose, no sound n pioilucpd , hut the momt it 
they art mado tense the^ nariow the apprtuie, and opposo 
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an obstacle to the current of air, and it cannot pass witliout 
causing thein to vibrate. These vibrations produce the 
voice ; and as the vocal cords are susceptible of different 
degrees of tension, those tensions determine different sounds ; 
giving an acute tone when the tension is great, but a grave 
and dull one when the tension is feeble. 

125. Some mammals have, in addition, large cavities 
wSiich communicate with the glottis, and into which the air 
reverberates, as it passes the larynx. This arrangement is 
esp g w dia- 

ling owls. 







( )of 



the cuckoos, and the mergansers, 
(Fig. 23,) there is but one or two pairs ; parrots have three 
nnd the birds of song have live. 

127. Man alone, of alt the animal crealion, has the power 
of giving to the tones he utters a variety of definite or ar- 
ticulate sounds ; in other words, he alone has the gift of 
speixh. 
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CHAPTER FOURTH. 

B EN E ND N 

1 8 De D b h b y a 
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130. Perception is a faculty springing from this pri 
pie. Tlie oi'gans of sense are tbe iiistrumenis for 
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13, but they e e no the fac I ) t tl I I 

which they would be seless We all k ov 1 le 
eye and ear muy be pen o tie s gh s and sounds a\ ut 
us ; but if the mind happens to be p eoccup el we pe e o 
them not. Wc may even Ve sea ch ng for some 1 ng wh h 
actually lies within tl com ass of our vso he ght 
cnlere the eye as usual a d the mage s ior ed on he 
retina; but, to use a common express on we look w hout 
so ■ 5, I th m' d ti t p d t d t th bj t 
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INTELLIGENCE AND INSTINCT. 69 

131 Olhpr animah cannot a'ipire to concepticn'; of this 
kind , they ppfeive onl\ such objects as immediaielj stiilu- 
their senses, and are incapable of continuous effoits of the 
reasoning faculty in regard to thi-m But tht conduct is 
frequently regulated by another piinciplo of inferior otdei, 
stdl derived from the immaterial pnncipte, called Instikct 

135 Under the guidance of Instinct, animals are eaabled 
to perfoim certain operations, sviihout instniction, in oni" 
uridc\ lating manner ^^ hen man chooses wood and stone, 
as the materials for his dwelling, in prpference to straw and 
leaves, it la because he has learned b\ expeiience, oi he- 
cause his aasoeutes have mlormed him, that these maternis 
aie more suitable for the purpose But the bee requires no 
instiuctions in budding her comb She selects at onto the 
bttpst materials, and employs them with the greatest econo- 
mj , and the young bee e\hibils, in this respect, ds m ich 
discernment a^ those who have had the benefit of long 
ei£perience She peiformb her task without preMou^ s'udy, 
and, to all appearances, without the consciousness of ila 
utility, being in some sense impelled to it by a blind impulsp 

136, If, however, wejudge ol the instinctive acts of ani- 
mals when compared with acts of intelligence, by the relative 
perfection of their products, we may be led into gross errors, 
as a single example will show. No one will deny that the 
honey-comb is constructed with more art and care than the 
huts of many tribes of men. And yet, who would presume 
to conclude from this that the bee is superior in intelligence 
to the inhabitant of the desert or of the primitive forest? 
It is evideot, on the contrary, that in this particular case we 
are not to judge of the artisan by his work. As a work of 
man, a structure as perfect in all respects as the honey-comb 
would indicate very complicated mental operations, and 
probably would require numerous preliminary experiments. 

137. The insilnctlve actions of animals relate either to 
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d'ga by tl e aide of his burrow, compartments for magazmes, 
wl cl learnngeswith much art. Finally, the bee, mora 
!han anj o 1 er animal, labors in view of the future; and 
bhe h s be ome the emblem of oi der and domestic economy 

139 Inst net exhibits itself, in a no less sinking manner, 
m tl e a i ety whn,h animals manifest for the welfare of 
ther antcptcd progeny All buds build neits for the 
shelter d nurtuie of their voung, and lo some cases thca 
nes 1 are made excepdinglv comfortable Others show very 
great ingenuity m com ealing ther nests from theejesof 
their enemiei, or in placing Ihem beiond their reich 
There is a small bird in the Ea^^t Indies, the tailor bud, 
(Sylvia siitorn,) which works wool or cotton into threads, 
with Its feet and beak, and usea it to sew tog<.ther the leaves 
of trees for its nest 

140 The nest of the fieiy hang h id, (Icterus Bjltimore ) 
dangling frcm the extremity ol some sltnder, inaccessible 
twig, IS tamdnr to all The beautilul nest of the humming- 
bird, seated on a mossy bough and itself coated with lichen 
and lined with the softest down fiom the cctton gii&a or the 
mullein leaf, is calculated equally for comfort and for es- 
caping observation. An East Indian bird, (Ploceus Philippic 
Qus,) not only exhibits wonderful devices in the construction, 
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-i covnfon of ts nest but di'^pHja -i still f rthpr 
vafds ititdl geni-e The nest is built at the tips 
Lia illy hanging over the «ittr It 
B ch a minner a*; to futm a com 
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of animals of the same species associate, at certain periods 
of the year, for migration from one region to another ; as 
the swallows and passenger pigeons, which are sometimes 
met with in countless flocks. 

143. Other animals live naturally in large societies, and 
labor in common. This is the case with the ants and bees. 
Among th^ latter, even the kind of labor for each member 
of the communit) is determined beforehand, by instinct. 
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Some of l.hem collect only honey and wax ; while others 
are charged with the care and education of the young; and 
still oiher"! are the natural chiefs of the colony 
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enliiely piompled by insiinct, as, foi instance, the attempts of 
the infant to nurse. The fact, again, that these instinctivo 
actions mostly belong to infancy, when intelligence is but 
slightly developed, goes to confirm the two last propositions. 
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CHAPTER FIFTH. 

OF MOTION. 

SECTION I. 

APPAKATUS OF MOTION. 

148. The power of voluntary motion is the second grand 
characteristic of animals, (57.) Though they may not all 
have the means of transporting themselves from place to 
place, there is no one which has not the power of executing 
some motions. The oyster, although fixed to the ground, 
opens and closes its shell at pleasure ; and the little coral 
animal protrudes itself from its cell, and retires again at 

149. The movements of animals are effected by means of 
muscles, which are organs designed expressly for this pur- 
pose, and which make up that portion of the body which 
is commonly called jleih. They are composed of threads, 
which are readily seen io boiled meat. These threads 
are again composed of still more delicate fibres, called mus- 
cular fibres, (45,) which have the properly of elongating 
und contracting. 

150. The motions of animals and plants depend, therefore, 
upon causes essentially dififerent. The expansion and clo?'ng 
of the leaves and blossoms of plants, which are their must 
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obimus niotnn'5 arp dup to the influenrp if h^l li it, 
moisture coll and aimilai e\leiiial agents but all the mo 
tjona peculiar to animals are pioduced by a cau'^e residing 
wilhm themselves namely the conti actiiUy ot muscular 

151 The cause whifh escit 
nen C9 although its nature i 



contractiht^ resides in tho 
not prtci ely undeiatood 
Wo oaly knew thU pach 
musculir bundle recenes 
onp or moie nerves, whosa 
filaments p iss at intervals 
acioss the muscular fibres, 
as seen in Fig 25 It has 
also been shown byesperi 
ment that when a nerve 
entering a muscle is sov 
9 lis powei ol con tract ing 
or m other w Olds is par 



riTirtliMllillinf4irWMI»* UyaiMutjl?^ 

rig 20 

ered the muscle instantly losi 
under the stimulus ot the will 
alj eed 

152 The muscles may be classified accoidmg as they 
are more or less tioder Ihe control of the will The con 
tractions of si me of them aie entirely dependent on the will, 
as in the muscles of tho limb^ u^ed foi locomotior Others 
are quite independent of it like the contractions of the heart 
and stomach The muscles of respiration ordin inly act mde 
pendentlj of the will but aie partiallj subiect to t thus, 
when we attempt to hold the breath «e airest foi the mo- 
ment the action of the diaphragm 

153 In the great majority of aaimtiN motion is gientiv 
aided by the presence of schd pirts of a bony or hornv 
structure which either sene as him attnthmpnt? to the 
muscles, or being arranged so is to act islcvtrs to m 
ciease the precision and somptimes the foice of movements 
ThPbolid pirls are usuillj so ariangeJ as iu foim a sub 
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k th od 




ous htlle plate 

solidated and immovable, as in 

the sea-urchins, (Fig. 26,) aod 

sometimes so combined, as to 

allcw of various motions, as m 

the slar-fishes, (Fig. 17,) which use tbeir projetlng rais, 

both for crawling and swimmmg. 

155. In the Mollusks, the solid pads are secreted by the 
skin, most frequently in the form of a calcareous shell of 
one, two, or many pieces, serving for the protection of the 
soft pails wliieh they cover. These shells are generally so 
constructed as to afford complete protection to the animal 
within their cavities. In a few, the shell is too small for this 
pur4)ose J acd in some it exists only at a very early period. 
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and IS lo'it as the iiiimal is developed, so thit it last here i" 
no othei co\pring than a shmy skin In others, tne skm 
becomes so thr k and firm as to have the coosi'stence of 
elastic leather, or it is gplatinoua oi transparent, and, what H 
very curious, these tissues may be the same as those of m oudy 
fibre, as, for example, m the A^cidia As a gcneial thing, 
the solid pait'^ do not aid in locomotion, so that the mtJ- 
lusks are mostl-v sluggish animals It is onlj in a few rare 
cases thai the 'shell hecomes a true lever, as in the Scollops, 
(Pecten,) which use then shells to propel themselves in 

156 The muscles of moilusks either form a flat disk un- 
der the body, or Iir^e b indies icross its nijss, or aie dis- 
tributed in the skin so as lo ddate and conlrHct it, or are 
arranged about the mouth and tentacles, which thev pot 
m motion However varied the disposition may he, they 
always form very considerable massps, in proportion to the 
size of the body, and have a soft and mucous appearance, 
such as IS not seen m the contractile fibres of othei inimalsi. 
This peculiar ispect no doubt atiaes fiom the numerous 
smdll cavitiea entcnding between the muscles, and the secie- 
tion of mucus which takes place in them 

157 In the Aiticulated animala, the solid pirts are ex- 
terna!, in the foim of rings, generally of a homy structure, 
but Bometimea calcaieous, and successively fitting into each 
other at their ed^es The tail of a lobster gives a good 
idea of lhi=i structure The rings differ in the severa 
classes ol this dPiiartment, merely as to volume, form, solid- 
ity number of pieces and the degree of motion which one 
lias upon inother In some groups thej aie conaohdated, so 
as to form a shield or carapace, such as we see in the 
crabs In others, they are membranous, and the body is 
ranable of assviniin^ \an'~us forms, as m the leeches and 
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158. A voriely of appendages am attached to these 
.rings, such as jointed legs, or in place of them stiff bristles, 
oara fringed with ailkeii threads, wings either firm or mem- 
branous, antenofe, movable pieces which perform the office 
of jaws, &c. But however diversified this solid apparatua 
may be, it is universally the case that the rings, to which 
every segment of the body may be referred as to a type, com- 
bine to form but a single internal cavity, in which all the or- 



gnns 



iclos 



i, the 



organs 




of vegetative life, (63.) 

159. The muscles which move 
all these parts have this peculiar- 
ity, that they are all enclosed whh- 
in the more solid framework, and 
not external to it, as in the verte- 
brates ; and also that the muscular 
bundles, which are very consider- 
able in number, have the form of 
ribbons, cr fleshy strips, with par- 
allel fibies of lemaikable white 
ness Figure 27 lepresenta the ^'^ ^^ 

disposition of the muotles of the caterpdlar which destroys 
the willow, (CossMj hgnippida) The ii^ht si lo lepiesenta 
the iuperln.iil lajei of muscle',, and the left a de the deep- 
seated lo'ver 

160 The Vertebiata, hke the aiticulated animals, havu 
solid paits at the suiface, as the bans and horna of mam- 
mals, the coat of mail of the armiddio, the leaiheiH ind claws 
of b ids, the buclilers and scales of leplilea and fishes, &c. 
But they have besides this, along the interior ot the whole 
body, a solid framework not found m the invertebrates, well 
known as the Skeleton 

Ibl The ak^leton i= composed of a series of sepatate 
bone', c died \eitpbii;e, united to ea:'h othei b\ ligaments. 
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APPAHATHS OF MOTION. 



ChuIi vprfebra has i solid ctnfre w th four brinches, two of 
which ascend and form tin arch above, 
and two dccpnd, foiming an arch below 
tho body of the ^eilebra The upper 
aichea foim i conhniious cavity (a) along 
the region of the trunk, which encloses 
the spinal marrow, and in the head re- 
cenes the brain, (61 ) The lower arches 
(b) form another cavitv, similar lo the 
superior one, which conlaii s the organs of 
nutrition and reproduction , their branch- 
es generally mei,i below ind when dis' 
joined, the deficiency is. supplied by 
fli^why walls E^ery part of the skeleton 
*'^ ^'' tno% be reduced to this fundamental type 

the ^ertebta, aa will be shown, whpn treating specially of the 
vertebrdte animaK , so th-it between the pieces composing 
the head tho tiunk, or the tail, we have only differences 
in the degiee of development of the bodj of the ver- 
tebra, or of Its biinches, and not m reality different plans 
of organization 

162 The muscles which mo\e th ■• sold framework of 
the veriebrata are disposed around the ^ettcbras, as is 





of muscles for i 



'ertebra. In proportioi 
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are developed, iNis iiilima 
and the vertebra diminish- 
es. The muscles are un- 
equally distributed and are 
concentrated about llie 
limbs, where the greatest 
amount of muscular force 
Is required. For this rea- 
son, the largest masses of 
flesh in the higher verte- 
brates are found about the 
shoulders and hips ; while 
in fishes they are concen- 
trated about the base of the 
tail, which is ihc part princi 




pally employed in locomofion. 



163. One of the most curious and important applic itiona 
'A this apparatus of bones and muscles is for Locomo- 
tion. By this is understood the movement which an animal 
makes in passing from place lo place, in the pursuit of pleas- 
ure, sustenance, or safely, in distinction from those motions 
which are performed equally well while stationary, such as 
the acts of respiration, mastication, &c. 

164. The means which nature has brought into action to 

which animals are placed, are very diversified ; and the 
study of their adaptation to the necessities of animals is highly 
interesting in a mechanical, as well as in a zoological point 
of view. Two general plans may bo noticed, under which 
those •-■arieties may be arranged. Either the whole body is 
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Fig. SI. 



locomotion, or only some oi* 
plcyed for ihe p npose 

165 TliL lelly fishes (Medusie) swim 
by contriclin^ tbeir umbrella -shaped 
bodies upon tho waler below, and ila 
resiatance urges them forwards. Other 
animals aie provided with a sac or 
siphon, whiLh they may fill with water 
and suddenly force out, producing a jet, 
which is resisted by the surrounding 
■, and the animal is thus propelled. 
} the cuttle-fishes, the Salpte, 



The Biche-le-mar, (Hololhi 
&c., move in this way. 

166. Others contract small portions of the body in suc- 
cession, which being thereby rendered firmer, serve as 
points of resistance, agiiinst which the animal may strive, 
in urging the body onwards. The earth-worm, whose boJy 
is composeii of a series of rings united by muscles, and 
shutting more or less into each other, has only to close up 
tlic rings at one or more points, to form a sort of fulcrum, 
against which the rest of the body eserls ilaolf in extending 
forwards. 

167. Some have, at the extremities of the body, a cup or 
some other or"un for maiiitainim' a firm hold, each extremity 
8 f d I Th 1 I 1 1 a p 
O k I by 1 1 h If 1 b dy 1 n 



of 1 



d b 



fib 
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these to some fixed objecl, they aie enabled lo diaw or loll 
themselves along ; but their progress is always slow. Insects 
are distinguished for the number and great perfection of their 
organs of motion. They have at least three pairs of legs, 
and usually wings also. But those that have numerous 
feet, like the centipedes, are not distinguished for agiliiy. 
Tlie Crustacea generally ha^ 
which are used for both 
swimming and crawling. 
The Worms are much less 
active ; some of them have 
only short bristles at their 
sides. Some of the marine ^'^- ^^■ 

species use their fringe-like gills for paddles. (Fig. 33.) 

169. Among the Vertehrata, we find the greatest diversity 
m the organs of locomotion and the modes of their applica- 
tion, us well as [he greatest perfection, in whatever clcinoiil 
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OSGANS or LOCOMt 


)TION. 


Jb 

1 a 
tl 1 


pi J d Th s 1 
1 p h wm 
n f 
1 k 1 1 } i 


f the eagle, ihe bouiid- 
f the shark, are not 
s This superiority is 
h le it admits a great 



gieat degree of precision. 

1. Flan of the Organs of Locamouon. 

no The organs of progression in vertebratpd ammals 
never e\eeed foui in number, and to them the term hmhs is 
more parliculaily applied The study o) these oigana, as 
characteristic of the different groups of veitebrate aniniais, 
IS most interesting, especially when prosecuted with a \icw 
to trace them al! back to one fundamental plan, and to ob- 
seive the modifications, oftentimei very slight, by which a 
very simple ojgan i" adapted to eveiy variety of move, 
menl No pirt uf the animal structure more fullj illusliates 
the unity of design, or the skdl of the Intellect which has 
■io adapted a single oigaii to such multiplied ends On this 
account, we -^hill diustiate this subject somewhat in detail 

171 It 18 easy tu see that the wing which is to sustam 
ihe bird in the an must be diflcrent fiura the leg of the sug, 
which IS to serve lor running, or the fins of the fish that 
s«ima But, aotwithstinding their di^similarit'v, the wing of 
the bird, the leg of the stag, and the -houldei hn of the fish, 
may still he traced to the satne plan of structure , and if 
we exam ne then skeleton-,, we find the same fundamental 
parts In oidei to ihow this, it la necesaary to give a short de- 
Bcription of the composition of the arm or anterior extremity. 

172. The anterior member, in the vertebrates, is invaria- 
bly jomposed of the following hones: 1. The shoulder- 
Hade, or scapula^ (a,) a broad and flat bone, applied upon 
ne bones o ' ilie trunk ■ 2. The arm, (b,) formed of a single 
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173. ' 










■responding bones 


are indi. 
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e an idea of the 


modifica 










different classes. 


Jn tbe i 
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Ider-blade is flal 


and triai.j, 








._ „,.indrical, and en- 


larged at its 


exlrer 


oilies ; 


the 


bones of the fore-arm are 


somewhat shorter th 


laii the humerus, 


but more slecdev ; the 



hand ia composed of the following pieces, namely, eight 
small hones of the carpus, arranged Id two rows, five meta- 
carpal bones, which are elongated, and succeed those of the 
wriat ; five fingers of unequal length, one of which, the 
thumb, is opposed to the four olhers. 
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175 I he n f the on (F 36,) the 



b es of the fore-arni 
a n &nd the fadius no 
b nd cl with it; the mela- 
y d eloped'; and, being 
ap be mistaken for it, 
which is surrounded 







Fig. 37- 
Fig. 36. 
Etouler, the carpal hones arc less numerous, and the fingera 
are short, and armed with strong, retractile claws. In the 
whale, (Fig. 37,) the bones of the arm and fore-arm are 
much shortened, and very massive; the hand is broad, the 
fingers strong, and distant from each other. 




In the bat, the thumb, which is represented by a small 
hoolc, is entirely free, (Fig. 38,) out the fingers are elon- 
gated in a disproportionate manner, and the skin is stretched 
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across ihem, so as to sf.rve the purpose of a wing. In birds 
the pigeon for example, (Fig. 39,) there are but two fingers 
which are soldered together, and destitute of nails ; and tit' 
thumb is rudimeolary. 

176. The arm of the turtle (Fig. 40) is peculiar in havinf , 




besides the shoulder-blade, two clavicles; the arm-bone is 
twisted outwards, as well as the bones of the fore-arm, so 
that the elbow, instead of being behind, is turned fo/wa-ds; 
the fingers are long, and widely separated. In the Sloth, 
(Fig. 41,) the bones of the arm and fore-arm are very greatly 
elongated, and at the same time very slender ; the hand is 
likewise very long, and the fingers are terminated by enor- 
mous non-retractile nails. The arm of the Mole (P'ig. 43) 
is still more e.iitraordinary. The shoulder-blade, which is 
usually a broad and flat bone, becomes very narrow ; the 
arm-bone, on the contrary, is contracted so much as to seem 
nearly square ; the elbow projects backwards, and the hand 
is excessively large and stout. 

177. In fishes, the form and arrangement of the bones is 
so peculiar, that it is often difficult lo trace their correspond- 
t^nce to all the parts found in other animals; nevertheless, 
the bones of the fore-arm are readily vectignized. In the Cod 
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(F.g. 43; tharc <ivc two flat and broad bones, one of whicSi, 
the ulna, (rf,) presenls a long point, aatedorly. The bones of 
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Irived for llie spread of a wing, without ir.ireasing the 
weight of die body. The more firm and solid arm of the 
hird indicates a more sustained flight. The short arm of the 
whale, with his spreading fingers, resembles a strong oar. 
The enormous hand of the mole, with its long elbow, is coq- 
atructed for the difficult and prolonged efibrts requisite in bur- 
rowing. The twisted arm of the lonolae can be applied to no 
other movement than creeping. And finally, the arm of the 
fish, completely enveloped in the mass of the flesh, presents, 
externally, a mere dulicate balancer, the pectoral fin. 

179, The posterior members are identical in their structure 
with the anterior ones. The hones of which they are 
composed, are, 1. The petals, (Fig. 46,) which corresponds 
to the shoulder blade ; 2. The thigh bone, or femur, which 
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OF STANDING. tty 

wlii^h ha^e the leet phced vtrj far back, Lannot use them 

183 The moie numerous and ihe more widely separa cd 
are the points of suppoit, the himer an uminal stands On 
tliia nccount, quadrupeds are less Iiahle to lose their balance 
than birds If an animal has fout leg*!, it is not nece'isary 
that Ihej should ha\e a broad base Thus we sPe that 
nios qutdiupeds have slendt-r legs, touching ihe e-iith by- 
only a smaU surface Broad leet would interfere with each 
other, and only increase the weight of the limbs, without 
adding to their stability Birds ire furnished with long toes, 
which, as they spiead out, aubseive the puipose of tripods 
Moieoier, the muscles of the toes are so dL'jpo'4ed that the 
weight of the bird ciuses thorn to grasp firmly, hence it 
IS enabled to sleep slanding in perfect semril} upon llie roost, 
without effort 




Fig. 46. 

184. In quadrupeds, the joints at the junction of the limbs 
with the body bend freely in only one direction, that is, to- 
wards the centre of gravity; so that if one limb yields, the 
tendency to fall is counteracted by the resistance of ihe 
limbs at the other extremity of the body. The same antag- 
onism is observed in the joints of the separate limbs, which 
are flexed alternately in opposite directions. Thus the thigh 
bends forwards, and the leg backwards ; while the arm benda 
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backwards, and the fore-arm forwards. Difierent terms have 
been employed to express the various modes of progression, 
accoiilng to tlie rapidity or the succession in which the 
limbs are advanced. 

185. Progkession is a forward movement of the body, 
effected by successively beading and esteading the limbs. 
Walking is the ordinary and natural gait, and other paces 
are only occasionaUy employed. When walking is accom- 
plished by two limbs only, as in man, the body is inchned 
forwards, carrying the ceafre of gravity in that direction ; 
and while one leg sustains the body, the other is thrown 
forwards to prevent it from falling, and to sustain it in turn. 
For this reason, walking has been defined to be a continual 
falling forwards, continually interrupted by tlie projection of 

186. The throwing forwards of the leg, which would 
require a very considerable effort, were the muscles obliged 
to sustain the weight of the limbs also, is facilitated by a very 
peculiar arrangement ; that is, the joints are perfectly closed 
up ; so that the external pressure of the atmosphere is suffi- 
cient of itself to maintain the limbs in place, without the as- 
sistance of the muscles. This may be proved by experi- 
ment. If we cut away all Ibe muscles around the hip joint, the 
thigh bone still adheres firmly to the pelvis, but separates the 
moment a hole is pierced, so as to admit air into the socket, 

187. In ordinary walking, the advancing leg touches the 
ground just before the olher is raised ; so that there is a. 
mojnent when the body rests on both limbs. It is only when 
the speed Is very much accelerated, that the two actions 
become simultaneous. The walking of quadrupeds is a 
similar process, but with this difference, that the body always 
rests on at least two legs. The limbs are i"aised in a deter- 
minate order, usually in such a manner that the hind-leg of 
one side succeeds the fore-leg of the opposite side. Some 
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aaimnls, as ihe g i-ifto the Kmi ^^J thp ttii 1 1 se botli 
legs of one side at the same mom(,nt Th a is calle ) a t 
blmg, or pacifig 

188. Running ccn- 'ts in the =iame succcs-, c i of motions 
as walking, so an^elerated tlat there is i moment be 
tween two steps when nine of the hmbs touch the ground 
1q the horse and dog and in most raimmals a distinction in 
made between the walk, the trot, the canter, and the gallop 
all of which have difierent positions or measuies The ftot 
has but two measures The animal raises a [eg on each 
side, in a cross direction that is to say, the light fore leg 
with the left hind leg and so on The canlet has thr e 
measures. Aftei advancing the two fore legs one af\e ti e 
other, the animal la sea and br ngs foiward the two hind legs 
s multaneoiiaU When th s nnoiement \s giejtly urged, 
thete are but two meHSures, the fore linnbs are railed to 
getber as well a'5 the hind Icyi , it is then termed a gallop 

189 Leaping consists m a bond ng of all the limbs, fol 
lowed by a sudden extension of them, which throws the 
body forwards with so much foice as to raise it fronn the 
ground, for an instant, to strike again it t ceilain distance in 
ad\ancp For this purposp the animal always ciouches 
bpfoip leaping Most anim-^ls make onlj an occaa unal use 
of this mode of progression, when some obsticle is to be 
suimounted, but in a few mslances, tbs is the habifuit 
mode As the hind legs aie especially used m leaping, we 
observe tbit all leaping animils have the posterior membeis 
vtrj much more inbust than the antei or, as the fiog, the 
kiagaroo, letboa, and even the hire Lea| mg is also com- 
mon among certain birds, especiallj among the sparrows, 
the thrushes, &c Finallj , there is also a large number of 
leaping insects, su'h as the flea, the laige tube of grass 
hopptrs and crickpla, in whii h we fi id that pan of legs 
with which leaping is accomplished much moie devekpi.^ 
thac [he others. 
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ra| id efforts lo compensate for this disadvantage. Hence it 
requires a much greater expenditure of strength to fly thuii 
to walk ; and, therefore, we find the great mass of muscles 
ted about the breast, (Fig. 30.) To facili- 
■ess, the bird, after each flap of the wings, brings 
t the body so as to present as little surface as 
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to dart fiom the water, and sustam themselves foi a consider- 
able time in the air ; and hence they are called flying-fish, 
liut this is not truly flight. 

194. SwiMMiBG is the mode of locomotion employed by 
the greater part of the aquatic animals. Most animals which 
live in the water swim with more or less facility. Swimming 
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195. Swimming is accomplished by meat 
gans lesignaled ui\d=r the general term, fins 
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T the water, like the beaver, or which 

dm m 3, as the otter and duck, have webbed 

h e fingers are united by a membrane, 

which, when expanded, acts as a paddle. 



197. There 
in which swimming is 
progression. Lobsters 
the Whales, strike the 
have a pair of legs fas' 
in sea-crabs, for exar 
with their legs, which 
give them surface ; a: 
Dyliscus,} whose mazy di 
me must have observed. 



ber of invertebrate animals 
the principal or the only mode of 
3wim by means of their tail, and, like 
rater up and down. Other Crustacea 
ioned like oars ; as the posterior legs 
pie. Many insects likewise, swim 
are abundantly fringed with hairs to 
the little water boatmen, (Gyrinus, 
)n the summer streams every 
cuttle-fish uses its long ten- 
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tadea as oars, (Fig. 47;) and some sfar-fishes (Comalula, 
Euryale) use their arms with great adroitness, (Fig. 151.) 
Finally, there are some insects which have their limbs con- 
structed for ruiming on the surface of water, as the water- 
spiders, (Ranatra, Hydrometra.) 




198. A large number of animals have the faculty of mov- 
ing boiji in the air aud on land, as is the case with most birds, 
and a great proportion of insects. OtheiB move with equal 
facility, and by the same members, on land and in water, as 
some of the aquatic birds and most of the reptiles, which latter 
have even received the name Amphibia, on this account. 
There are some which both walk, fly, aad swim, as the ducks 
and water-hens ; but they do not excel in either mode of 



er different the movements and offices per- 
formed by the Umbs may appear to us, according to the ele- 
ment in which they act, we see that they are none the less 
IRS effect of the same mechanism. The contraction of the 
same set of muscles causes the leg of the slag to bend for 
leaping, the wing of foe bird to flap in the air, the arm of 
the mole to excavat^ the earth, and the fin of the whale to 
strike tht water. 
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CHAPTER SIXTH. 
NUTRITION. 

200. The second class of the functions of animals are 
those which relate to the maintenance of life and the per- 
peluatioii of the species; the functions o{ vegetative life, (59-) 

201 Th ■ se of the volume f h b d 

q d I 1 m tevials. There is a 

f J 1 wh I laving become unfi 
d t f th ystem. Every co 

p d ll gy of some particles, os 

ppl d Th ipplies aro derive m 

source, the animal, vegetable, and ev m 

doms ; and are received under every v 
iod gaseous form. Thus, there is a 
1 if substance between the animal body 
The conversion of these supplies into 
distribution to all parts, and the appr 
growth and sustenance of the body, i N 

the widest sense of that term. 

202. In early life, dunn^ the period 
of sulRtances appropriated is greater tb 

At a later period, when growth is com m 

between the matters received and those re 
At a still later period, the equilibrium is again disturbed, 
move is rejected than is retained, decrepitude begins, and at 
last the organism becomes exhausted, the functions cease, and 
death ensues. 

203. The solids and fluids taken into the body as food are 
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subjected to n. process called Digestion, by wbicb the solid 
portions are reduced to a fluid slale also, Ibe nutritive sepa- 
rated from the excreraeLititious, and the whole prepared to 
become blood, bone, muscle, &c. The residue is afterwards 
expelled, togfiiher with those particles of the body which 
require to b d and thoEse which liave been derived 

from the bl lb se eral processes, termed Secretions. 
Matters in a of e also received and expelled with 

the air we b I b a process called Respiration. The 
nutritive fid J d to evory part of the body by 

return, bring back the particles which are to be either reno- 
vated or expelled. This circuit is what is termed the Circu- 
lation.. The function of Nutrition, therefore, combines sev- 
eral distinct processes. 



OF DIGESTIOM. 

204. Digestion, or the process by which the nutrilive paria 
of food are elaborated and pre- 
pared to become part of the body, 
is effected in certain cavities ' 
stoToach and intesiines, or ali 
lory canal. This canal is mo 
loss complicated in the va 
clnssesof animals; but there 
animal, however low its orga 
lion, without it, in some form, 

205, Inlhe polypi, the dig( 
apparatus is limited to a single 
cavity. In the Sea Anemone, (Ac- 
tinia,) for example, it is a pouch, (Fig 
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Ilic interior of the body. When the foo< hasbepn sjffiiienllj 
digested there, it passes, by imbibitioo, into the general ciiv- 
ity of the body, (c,) which is filled with water, and mingling 
with it, flows thence into all parts of the an- 
imal. The jelly-fishes, (Medus 




Eadiala, such b 

(Fig. 50,) in which theslomach (s) 
is broader than either extremity oi 
le. The I 
I^- 60. form of the cavities of the 

vary considerably, according to the mode of life of !he ai 
mal ; bui the speciti! functions assigned to them are mvari 
ble ; and the three principal cavities succeed eu.<:\\ other. 



:., Google 



OF DIGESTION. 

fivery animal wlicre they are found, 
first, ihe siom!icli, (s,) then ihe 
first, but ofien enlarged 
towards iia termination, 
Tliis arrangement may 
be seen by ihe follow- 
ing diagrams from a bee- 
tle and a land molltisk, 
where the same leltera 
indicate corresponding 
pans, (Fii-s. 51, 52.) 

207. From the mouth, 
( } h f d p o 

h h h h a 



iable order ; 
■hicli is sn.all at 




m p 1 I p ( ) 

da d d h h 

, p lly h 1 , nd in some insects and moilusks, 
(Fig. 51.) In the stomach, the true digestive process is be- 
gun. The food no sooner arrives there than changes com- 
mence, under llie infioence of a peculiar fluid called the gas- 
tric juice, which is secreted by glands lining the interior of 
the stomach. The digestive action is sometimes aided by the 
movements of the stomach itself, which, by its strong contrac- 
tions, triturates the food. This is especially the case in the 
gizzard of some birds, which, in the hens and ducks, for in- 
stance, is a powerful muscular organ. In some of the Cius- 
tncea and Moilusks, as the Lobster and Aplysia, there are 
eren solid organs for breaking down the food within the 
etomach itself 

2m The result of this process is the reduction of the food 
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lo a pulpy fluid called chyme., which varies in Its nature wilh 
ths food. Hence ihe Ainction of the slomach has been 
named chymiJiccUton. With this, the function of digestion is 
complete in many of the lower animals, and chyme is circu- 
lated throughout the body ; this is the case in Polypi and Jelly- 
fishes, and some Worms and Mollusks. In other animals, 
however, the chyme thus formed is transferred to the intes- 
tine, by a peculiar movement, lilte that of a worm in creep- 
ing, which has accordingly received the name of vermicular 
or peristaltic motion. 

209. The form of the small intestine (i) is less variable 
than that of the stomach. It is a narrow tube, with thin walls, 
coded in \ariou9 diipctions in the vertebrate animals, but 
nioie simple m the invertebrates, especially the mwcts lis 
length vanes, according to the nature of the food, being in 
general longei in heibivorotis than m carnivorous animals 
In this portion of the canal, the aliment undergoes iit com- 
plete elaboiation, through the agency of certain juices which 
heie mingle with iht chvme, 9uch as the bile secreted bj the 
hver, and the pancreatic juice, secreted by the pancreas 
The le^j t of this elabontion is to produce a complete sepa- 
ration of the trulj niitrilious pails, in the form of a mi!ky 
iquid called chyle The process is called rhi/hfiration , and 
there are great numbers of animals, such as the In'jects, 
d most of the Mollusks, 
further modified by 
h body as chyh 



Crabs, and Lobsters, 
in which the product of d 
respiriitiiin, but circulat 
210. Tho(hyle is co ] 




colorless globules, 

d form, (Fig. 53.) In 

I Vertebrates, il is taken 

the blood by means of very 

)lted lymphatic vessels or 

■hich are distributed every where in 

the walls of the intestine, and communicate 
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wilh ihe voins, forming also in ilieir course several glandular 

masses, ns seen in a portion of intestine connected with a vein 

in Fig 51 and it la not until thus 

taken up and mingled with the 

cuculaling blood, that any of our 

food reallj becomes a pait of the 

living body Thus fieed of the 

nuiniive portion ot the food. She 

residue ol the product of digestion 

paisses on to the laige intestine, 

from whence it is expelled in the __ 

form of exciement. ^^ 

211 Tht oigans above described constitute the mo=it es- 
sential for the process of digestion, and aie found more or less 
developed in all but some of the radiated animals ; but there 
nre, in the higheranimals, several additional ones for aiding 
in the reduction of the food to chyme and chyle, which render 
their digestive appiiratus quite complicated. In (he first place, 
hard parts, of a horny or bony texture, are usually placed about 
the mouth of those animals that feed on solid substances, which 
serve for cutting or bruising the food into small fragments 
before it is swallowed ; and, in many of the lower animals, 
these organs are the only hard portions of the body. This 
process of subdividing or chewing the food is termed masCi- 
cation. 

912. Beginning with the Radiata, we find the apparatus 
for mastication partaking of the star-like arrangmeni which 
characterizes those animals. Thus in Scutella, (Fig, 55,) 
we have a pentagon composed of five triangular ja*s, con- 
verging at their summits towards a central aperture which 
corresponds to the mouth, each one bearing a cutting plate or 
tooih, like a knife-blade, fitted by one fidge into a cleft. The 
five jaws move towards the centre, and pierce or cut the ob- 
jects which come between them. In some of the sea-urchics 
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lantern, (Fig. %,) cod'jie 
more complicated Slill, the five fundamental pieces or jaws, 
each of them beiring a tooth at i s puint miij be lecognized, 
as in ScutelK only instead of be tig pKced iionzontallj 
tliey form an imerted pyramid 

213 Among the Moilu-ki, a few, like the cuttle fishes. 
■ s or beiks closely resembling 
the beak of i parrot, (Fig 
57,) which mo\ e up and 
down as m birds But a 
much higer number nsp 
their food by means of a flit 
bhde coiled up 1 ke a watch 
spring, the surfwe of wb ch is (.overed vvi 
minute tooth hke po nts of d ho 
highly magnified portion of the 
(Fig, 58, a,) whif h, howevei, is 
beaks of cuttle fishea 

214 The ArlKulafa are remarl able, as 
a class for the dneralj and complication 
of their a paiatis for tdiing and dividing 
then food In some manne worms. Nereis, 
for exan pie, the jaws consist of a pair of 
Fig. S!). curved, horny instruments, lodged in a 

sheath, (Fig. 59.) In Sjiiders, these jaws are externnl, and 




o called tongue of Natica, 
only a modihcation of Iho 
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somttimfs mounted on long, jointed stems. Insects which 
masticate their food have, for the most part, at least two puip-i 
of horny jaws, (Figs. 60, 61, m,,j,) besides several additional 
pieces which serve for seizing and holding their food. 
Those which live on the fluids which they extract either from 
plants or from other animals, have the masticatory organs 
transformed into a trunk or tube for that purpose. This 
trunk is sometimes rolled up in a spiral manner, as in the 
butterfly, (Fig. 64;) or it is stiff, and folded beneath the 




chest, as in the squash-bugs, (Fig. 62,) containing several 
piercera of extreme delicacy, (Fig. 63,) adapted to penetrate 
the pkin of animals or other objects whose juices they extract ; 
or they are prolonged so as to shield the tongue when thrust 
out in search of food, as in the bees, (Fig. 61, t.) The crabs 
have iheir anterior feet transformed into a kind of jaws, and 
several other pairs of articulated appendages performing ex. 




Fig. &5. 
cljBivelj' masticatory functions. Even ■ 
Rotifers we find very complicated jaws, ; 
o„™, (Fig. 65,) 
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amidst this diversity of i\ I^r^ b here s one th n^ 1 c!i 
charncVerizes all the Arte ha nanelv !e a s al njs 
move sideways; while t! so of t*-e Vertebrate? a d Moll ks 
move up and down, and those of he Had ati concen c lly 
215. la the Vertebralei I e a v& fo m a par of tt e 1 ony 




Fig. 67. 

perform the principal 
licating food. 

216. The jaws at 



;l(!S, (Fig. 67, t, m,) which 
requisite for seizing and i 




■e usually armed with solid cutting 

enveloped in a horny covering, the 
beak, as in the birds and tortoises, 
(Fig. 68.} In some of the whales, 
the true teeth remain concealed in the 
JMW-bone, and we have instead a range 
hornv plates or fans, fringed at the margin, 
separate the minute marine ani- 
mals on which they feed 
from the water drawn in 
with them, (Fig. 69.) 
A few are entirely des- 




of t 



eth. 



; the 



■, {fif 



217. Though all the 
verlebrates possess jaws, 
it must not be inferred 
nal they all chew their food. Many swallow their prey 
wholo ; as most birds, tortni^ies, and whales. Even many of 
•hose which are furnished with teeth do not masticate their 
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1(1 ; some using them rnerety for seizing and securing their 
ey, as the lizards, frogs, crocodiles, and the great majority 
fishes. In such animals, the teeth are nearly all alike in 
rm and strLicture, as for Instance, in the ailigaior, (Fig. 71,) 
B porpoises, and many fishes. A few of the lutler, some of 




Fig. 71. Fig. Ti. 

the Bays, for example, have a sort of bony pavement, (Fig. 
72,) composed of a peculiar kind of teeth, with which they 
crush the shells of the raoUusks and crabs on which they 



218, The Mammals, however, are almost the only verte 
brates which can properly be said to masticate ilieir food. 
Their teeth are well 
developed, and pre- 
sent great diversity 
in form, arrangement 
and mode of inser- 
tion. Three kinds 
of leelh are usually 
distinguished in most 
of these animals, 

their mode of life ; 
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tusks (ircarnivoroas Xeeth, canines ; and the grinders, rao/ara, 

(Fig. 73.) The incisors (a) occupy the front of the mouth, 

I pp h s; h n asillftry bones ; they 

R 1 mpl d 1 1 ried, have generally 

h m d P' J d altnost exchisiveiy 

f f od p h I pi in which they assume 

h f fig I Tl es (S) are conical, more 

1 d I h 1 rs n I carved, and only two 

h Th y h b ! root, like the incisore, 

d n 1 be y f nidable weapons. In 

I h b ! g hen existing they are 

llj 1 d d d (i 1 1 o to become powerful 

f fi d d f 1 h h useless for maslica- 

h b bj & Th o;ars{c) are the most 

p t d h 1 b d internal structure of 

1 m I h y 1 sa ime, moat varied in 

1 p A h m fid ry nsilion, from those of 

1 I d po d f n h t tribe, lo those with 
I d d 1 I n as h minants and rodents. 
S II 1 d (i d h same animal, they have 

1 n m h being never simple, 

b d 1 pi pi h h not only fixes them 

m flybp bmf being driven into the 

J 1 ff f ca 

2 9 Th A y f g 1 ly spoken of (23-24) 
11 d k g m ■, by ihe study of the 

teeih of the mammals, and especially of their molar teeth. 
So constantly do they correspond with the structure of the 
other parts of the body, lliat a single molar is sufficient not 
only lo indicate the mode of life of the animal to whicli i 
belongs and show whether it feeds on flush or vegtstables, or 
bo''i, bu; also to determine the particular group to which it is 
related. Thus, those beasts of prey which feed on insects, 
9nd wliich on that account have been called Insectivora, such 
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Hid bats, havo the molars lemiinatec! by several 
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1 



eby d 



e h of her 



f.t p c ng edges 

sde of each o her 

¥ d ng 1 e food w h g a fac j 

2 The a ne adap a o s obse ed 
oousan a Tho e v! ch cl e e cud ( ns) 

y of 1 e I k sk e 1 an nal (( eh de a a } ke he 
elephant and some of the gnawers, (rodeotta,) like the hare, 
(Fig. 76 ) have thesumn;iit8 of the molar? flat, like mill-slones, 
with moie oi less piommpnt ridges for grinding the grass 
and leaves on which ihey subsist Fmally, ihe omnivora, 
Ihose which feed on both flesh and fruit like man and llie 
monkeys have ihe molars teimiiiatng in several rounded 
tubercles, being thus adapted to the tnised nature of their 
food. 

221. Again, the mode m which the molars are combined 
with the cTnines and incisors furnishes excellent means of 
characterizing families and geneia Even the internal struc- 
ture of the teeth is so pecul ar m each group of animals, and 
yet subject to such imaiiable rules tliat it is possible to 
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prey ; the polyp has flexible arms, (Fig. 77,) capable of 
great exteasion, which it throws instantly 
around any minute animal that comes in con- 
tact wiih it. The cuttle-fish, a!so, has elongated 
s about the mouth, furnished with riinges 
of suckers, by which it secures its prey, 
(Fig. 47.) 

224. Some are provided with instruments 
for extracting food from places which would 
3 inaccessible. Some of, the mollusks, with their 
rasp-like (ongne, (Fig. 58,) perforate the shells of other ani- 
nvils, and thus reach and extract the inhabitant. Insects 
have various piercers, suckers, or a protractile tongue for ibe 



Fig. 77 
be ofherwis 
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sdinp purpose, (Figs 61-64 ) Many Annelidc-., the lecf lies 
lur example, ha^e a sucker, which enable-* them to produce 
ft (acuum, and theieby draw out blood fiom the perforations 
Ihey make in olher animal- Many micioscopic animals are 
provided Witli Imirs or cilia iround the mouth, (Fig 65,) 
which by then incessant motion produce cuirenls thi.t bung 
within reach the slill more minute cieatuiea or panicles .n 
which they feed 

225 Among ihe Vertebrita, the herbivom geneialiy em- 
liloy their lips oi their tt>ngue, or both together, for spizmg 
the grass or leaves they teed upon The carnivora use their 
jaws, teeth, and especially tlieir claws, which aie long, shaip 

m bl d d biy d p 1 f ! p |. se Tl 
ood[ khigb bbdhj 

hhhhyd tsfradphl d 

hbkf Smpll 1 g 

k 1 p y Tl I h 1 b fl 

1 f h f 1 b d h 

hiddfhh dhgl b 

h 1 h J dh Th I pi h 1 

dl kp If bggh 1 h 

g dhh plf,d khhh 

h d yfb gfdddkl h 

Ubhmd bd h 

fhdhml gaM dh 1) 

mpl y h h d 1 Ij f [ t 

226 S m I d k by I k h I 

bj 1 pp g Ik h d g B 1 mply fil h I k 1 

h t I d 11 d 1 

p I dffi 1 1 w f q 1 

q h h f d m h p bl 

I h h Id 11 h p I d 
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»: b d h m h ] 1 n 

5c p pp f se g I P Th 1 f P lyp 

liave been already mentioDed incideaially, (233.) They are 
minute cells, each coolaining a thin thread coiled up in lis 
ciivity, which may be thrown out by inversion, and extend to 
a considerable length beyond the sac to which it i& at- 
tached. Such lassos arc grouped in clusiera upon the ten- 
'acles, or scattered upon the sides of the Actinia and of 
most polypi. They occur also in similar clusters upon the 
tentacles and the disk of jelly-fishes. The nettling sensa- 
tion produced by the contact of many of these animals is 
iindoubledly owing to the lasso cells. Upon most of the 
smaller animals, they act as a sudden, deadly poison. In 
Echinoderms, such as star-fishes, and sea-urchins, we find 
other microscopic organs in the form of clasps, placed upon 
a movable stalk. The clasps, which may open and shut al- 
ternately, are composed of serrated or hooked branches, 
generally three in number, closing concentrically upon each 
other. With these weapons, star-fishes not more than two 
inches in diameter may seize and retain shr mps of half 
that length, notwithstanding their efforts to dise tV igle them- 
selves. 
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CF THE ELOOD AND CIRCULATION. 



227. Tui-L nutritive portions of the fooa uil p^.ortl mtu 
tlie general mass of fluid wiiich pervades even pirt of tlie 
body, out of which every tissue is originally constiucted, 
and from time to lime renewed. This fluid, in the geneial 
acceptation of the tervn, is called blood ; but it dilTcrs gieatly 
in its essential constitution in the different groups of the 
Animal Kingdom. In polypi and medu^te, it is merely 
chyme, (20S ;) in most moilusks and articulates it is chyle, 
(209 ;) but in vertehmtes it is more higiilj organized, and 
constitutes what is properly called Blood. 

228. The Blood, when examined by the microscope, la 
found to consist of a transparent fluid, the serum, consisting 
chiefly of albumen, fibrin, and water, in which float many 
rounded, somewhat compressed bodies, called blood diskii. 




Fig. 78. rig. 79. Fig. 80. Fig. 81. 

These vary in number with the natural heat of the animal 
fwiT which the blood is taken. Thus, they are more nu- 
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meroQS in birds than in mammals, and more abundant in tho 
latter than in fishes. In man and other mammals they are 
very small and nearly circular, (Fig. 78 ;) tbey are some- 
what larger, and of an oval form, in birds and fishes, (Figs. 
79, SI ;) aiid still larger in reptiles, (Fig. 80.) 

22&. The color of the blood in the vertebrates is bright 

red ; but in some invertebrates, as the crabs and mollusks, 

the nutritive fluid is nearly or quite colorless ; while in the 

worms and some echinoderms it is variously colored yellow, 

d I I! d g 

i30 n p f h fl d y p f the body 

f h ss I d f 1 I f . A per. 

pi fl f m I d ^ owards the 

m p-tsfh I dhp as are not 

q d f d he centre of 

I m gl d b fl 1 1 I d b assimilated 

h bl J d h p I f 1 b ly h h are to be 

p 11 d b f re II d stributed in 

1 I Tl blood I p 



231 In (he lowest animals such ■is the polypi the nutri- 
fld jlyhpd fd (hm) Id 

h h mm tj f h h h h 

m d ta II hill 

f h b ly I h J lly fi b h h py 

somhhh k llqddbdyj 

1 fbppi ydfl p fl 

b dy (F 31 ) C ^ d d h I 'y !•/ 

h g I f h 1 d p I) by 

f 1 bra f p f 11 d 

6 fc ; 1 ! rsp d h I f 

1 m II k d 1 1 bl d ( Ijl ) 1 
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Ecmplcte circuit, but e 
interrupt ihoir course, 

232, In animals of slill higher organization, as the verte- 
brates, we find the vital fluid enclosed in an appropriate set 
of vessels, by which it is successively conveyed throughout 
the system to supply nutriment and secretions, and to the 
respiratory organs, where it absorbs oxygen, or, in other 
words, becomes axygeniUed. 

233 The vessels in which the blood circulates are of two 
Kind") 1 The arteries, of a iiim, elastic structure, which 
m ly l>e distended or contracted, accordmg to the volume of 
their contents, and which convey the blood fiom the centre 
towards the suriace, distributing it to every pomt of the 
body 3 The veins, of a thin, membrT 
structure, furniahed withm with \alves, (Fig 
62, t>,) whicli lid in suataimng the column of 
blood, only allotting it to flow fiom the pen 
phen towards the centre The aifetiei con 
smiller 



minute 
1 brinches and larger 
a few stems, 



i of the 



slant I V subdivide in I 
branches, while the v 
twigs, and are gatbeiei 
truDl(=i, to unite finally 
centre of ciiculation 

234 The extiemilw 
nected by a net woik of t\tremely 
delicate leo'jelb, called capillary ves- 
sels, (Fig. 83.) They pervade e^ery 
portion of the body, so that almost 
no point can be pricked without 
drawing blood. Their oflice is to 
distribute the nutritive fluid to the 
organic cells, where all the important pi 

organs a 




nutrition 
and growth of all 



es, the elaboration of bile, milk, saliva, end 
10* 
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fither important produ 
effate particles and t 
those changes by whlc 
comes the dark biood 
of the respiratory orgt 
dark venous blood is 
scarlet hue of the ar 
235. Where there a 
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I p ! f h 1 

divided into two compai tments, one above [he ofhei, as seen 
m the diagram, Fig. 85.) The two upper cavities arc culled 
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auricles, and the [wo lower ventricles. Reptiles have two 




Fig. 87. 



auricles and one ventricle, (Fig. 86.) Fishes Slave one auri- 
cle and one venlricle only, (Fig. 87.) 

238. The auricles do not communicate with each other, 
in adult animals, nor do the ventricles. The former receive 
the blood from the body and t!ie respiratory organs, through 
veins, and each auricle sends it into the ventricle beneath, 
through an opening guarded by a valve, to prevent its reflux ; 
while the ventricles, by their contractions, force the blood 
through arteries into the lungsi and through the body gen- 
.rally. 

239. The two auricles dilate at the same instant, and also 
lultaneously ; so also do the ventricles. These 

e contractions and dilatations constitute the pulsa- 
tions of the heart. The contraction is called systole, and the 
dilatation ia called diastole. Each pulsation consists of two 
movements, the diastole or dilatation of the ventricles, 
during which the auricles contract, and the systole or con- 
traction of the ventricles, while the auricles dilate. The 
frequency of the pulse varies in different animals, and even 
in the same animal, according Co lis age, sex, and the degree 
(if health. In adult man, they are commonly about seventy 
l.eats per miniiie. 

240. The course of the blood in those animals which have 
four cavities U the heart is as follows, beginning with the 
left ventricle, (Fig. 85, I. v.) By the contraction of this 
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ventricle, the blood is driven Ih o „) tie na arterial trunk, 
called the aorta, (Fig. 90, a ) a d a d = r buled by iis 
branches thi juglioul tbe body t is then colleeled by the 
veins, carried back to the heart and po ired nto the right 
auricle, {Fig. 85, r a,) which sends it nto the right ventricle 
rv.) The right ventricle propels it through another set of 
arteries, the pulmoiutry arteries, (Fig. 90, p,) to the lungs, 
(1 ; ) it is there collected by the ptdmonary veins, and con- 
veyed to iheleftauricic, (Fig. 85, la^ by which it is returned 
to Ihe left ventricle, thus completing the circuit. 

241. Henco the blood in performing its whole circuit 
passes twice through the heart. The first pari of this cir- 
cuit, the passage of the blood through the body, is called 
the grmt circulation ; and the second part, the passiige of 
the blood through the lungs, is the le&ser or pulmonary cir- 
culation : this double circuit is said to be a eomp/e/e circu- 
lation. In ibis case the heart may be justly regarded as 
two hearls conjoined, and in fact the whole of the iesser cir- 
culation intervenes in the passage of the blood from one side 
of the heart to the other; except that during the embryonic 
period there is an opening between the two auricles, which 
closes ds soon as respiration commences. 

242 In reptiles, (Fig. 86,) the venous blood from the 
body la leci ived into otic auricle, and the oxygenated blood 
fiom the iun§3 into the other. These throw their contents 
into tbe single \enliicle below, which propels the mixture in 
pail to the bidv, and in part to the lungs; hut as only the 
smaller portion of the whole quantity is sent to the lungs in 
a smgle ciicuit, the circulation is said to be incomplete. In 
the Oiocodiles the ventricle has a partition which keeps sep- 
aiile the two kmda of blood received from the auricles ; but 
the mi'stuie ■-oon takes place by means of a special artery, 
*hicb pistes fiom the pulmonary artery to the aorta. 

343 1 1 fishes (Fig. 87,) the blood is carried directly 
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from ibe \?nlricle to the gills, which are llieir chief respii 
aloi'y organs; thence it passes into arteries for distribution 
lo the system in general, and roiums by the veins to the 
auricle. Here the blood, in its circuit, passes but once 
through the heart; but the heart of a fish corresponds nev- 
ertheless to the heart of a mammal, aod not lo one half of 
it, as has often been maintained, for the gills are not Iiir 

244. Crabs and othei 
cle, without an auricle. 
In the mollusks, there is 
likewise buta single ven- 
tricle, as in Natica, (Fig. 
88, k.) Some have in 
addition one or two auri- 
cles. These auricles are _ 
sometimes so disjoined ^S-^^" 
as to form so many isolated hearts, as in the cuttle-fisb. 
Among Radiata, the sea-urchins are provided with a tubular 




:., Google 



CHAPTER EIGHTH. 



RESPIRATION. 



245. FoK the maintenance of ils vital properties, the jlood 
must be submitted to the inHuence of the air. This ij true 
of all animals, whether they live in the atmosphere or in the 
water. No animal can survive for any considerable period 
of time without air ; and the higher animalg iilmoat instantly 
die when deprived of it. It is the office of kespiration to 
bring the blood into communication with the air. 
216. Among animals which breathe in the open air, 
some have a series of tubes branching 
through the inlerior of the body, called 
traclietB, (Fig. 89, (,) opening externally 
upon the sides of the body, by small aper- 
tures, called stigmata, (s ; ) as in insects 
and in some spiders. But the most com- 
mon mode of respiralioo is by means of 
LuKGS, a pair of peculiar spongy ori:el- 
lular organs, in the form of large pouclics, 
which are the more compl cated in pro- 
portion lo the quantity of a!r to be con- 
Fig. 89. sumed. 
247. In the lower vertebrata, provided with lungs, they 
form a single organ ; but in the higher classes thoy are in pairs, 
olaced in the cavity formed by the ribs, one on each side of 
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the vertebml rolumn, and Piiclosing tin heirt /() bttWPer 

iNcm, (Fig. 90 n ) lie lungs coramnnic ite w th the al uos 

plicre bj means of a lube compoSLd •.{ cartilaginous ring; 

wbich arises from tt e bick part of the mouth and tli\ide! 

Iwlow, first into a branch for each organ, and then into La 

numerable branches penetintinj their „ 

whole mass, and fiially lermmaimg la 

minule sacs Th s tube la the tiachei 

or windpipe (te,) and its branches ate 

the bronchi. In the highei air breath 

'Bg animals the I ing-j and heirt occupj 

an apartment bj ihemseives, the cite (, 

which is sepaiaied from the other con 

tents of the lower aich of the \ert(.bial 

column, (161 ) b^ a fleshy pirtition, 

called the diaphragm, passing across 

the cavhy of thp bod^ , aod arching up 

only access to this apartment from w ithout i 

(Fig. 33, (»,) through the trachea. 

■ 248. The mechanism of respiration by lungs may be com- 
pared to the action of a bellows. The cavity of the chest is 
enlarged by raising the ribs, the arches ofwh.ch naturally 
slope somewhat downward, buf more espociully by the con- 
traction of the diaphmgm, whereby its intrusion into the 
chest is diminished. This enlargment causes the air to rush 
in ihrough the trachea, distending the lung so as to 111 the 
additional space. When the diaphragm is again relaxed, 
and the ribs are allowed to subside, the cavity is again dimin- 
ished, and the air expelled. These movements are termed 
iTispiration or inhalation, and enpiralitm. The spongy pul- 
monary substance being thus distended by air, the blood sen. 

from the heart is brought ioto such contact with it as to allow 
the requisite interchange to lake place, (235.) 

349. The respiration of animals breathing in water is ac- 



L the chesl The 
! bj the glottis, 
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OF RESPIRATIOM. 



complished by a diff en 





(F 33) dm J II 
91, ^,) or they consist of deli- 
combs and brushes, as in fishes, 
(Fig. 92,) crabs, and most moilusks, 
(Fig. 88,^.) These gills ore ai- 
ways so situated that the water has 
o them. In the lower aqnatic animals, such as 
the polypt, and some jelly-fishes and moilusks, respiration 
takes place by the incessant motions of vibratory cilia, which 
fringe both the outside and the cavities of the body ; the cur- 
rents they produce bringing constantly fresh supplies of water, 
containing air, into contact with the respiratory surface. 

250. Many animals living in water, however, rise to the 
surface and breathe the atmosphere there, or are furnished 
with the means of carrying away a temporary supply of air, 
whilst others are furnished with reservoirs in which the blood 
requiring oxygenation may be accumulated, and their stay 
under water prolonged. This is the case with the seals, 
whales, tortoises, frogs, many insects an^ moilusks, &c. 

251. The vivifying power of the air upon the blood is due 
to its oxygen. If an animal be confined for a time in a 
closed vessel, and the contained air be afterwards examined, 
a considerable portion of its osygen will have disappeared, 
and another gas of a very different character, namely, car- 
bonic acid gas, will have taken its place. The essential 
office of respiration is to supply oxygon to the blood, at tho 
■iaine lime that carbon is removed from it. 
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252. An immediately obvious effect (if respiration in Ihe 
red-binoded aiiimnls is a cliiingc of color; the blond, ill 
passing through the respiratory organs, being changed frotn 
a very dark purple to a bright scarlet. In the great circtda- 
tion (341) the scarlet blood occupies the arteries, and is usu- 
ally called red b/ood, in conlradislinetlon from the *enoij^ 
blood, which is called black blood. In the lesser circula\ion, 
on Ihe contrary, ihe arteries carry the dark, and the veins 
I ho red blood. 

y53. The quantity of oxygen consumecl by various ani- 
mals in a given time has been accurately ascertained by ex- 
periment. It has been found, for instance, that a common- 
sized man consumes, on an average, about 150 cubic feet in 
twenty-four hours ; and as the oxygen constitutes but 21 per 
cent, of the atmosphere, it follows that he inhales, during a. 
day, about 700 cubic feet of atmospheric air. In birds, iho 
respiration is still more active, while in reptiles and fishes It 
is much more sluggish, 

254. The energy and activity of an animal is, therefore 
somewhat dependent on the activity of its respiration. Thus 
the toTd, wboae movtments aie veiy slusjgish, respires much 
more slowly thin the m\mmals, birdi, ind even insects, and 
it has been ascertained that a bulterdy, notwithstanding its 
comparatively diminutive size, consumes moie oxygen than 

255 The circulation and resp ration btve a recipiocal in- 
fluence upon each othei If the hear' bp powerful, or if 
on Molent eieicise a more rapid euppiv of blood to repiir 
the consequent waste is demanded, (201,) respiration must bo 
pioport on illy accelerated to supply air to the greater amount 
of blood SPHt to the lungs Hence the panting occasioned hy 
runmnij oi other unisiil efforts of the muscles. On tho 
her hi nd f resp lation be hurried, the blood is rendtsred 
more si muht i g b^ gitu er o.";ygo nation, and < auses un ac* 
11 
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Ihroiigh ihe body, has not yet 
b d. 

59 S h warm-blooded animals do nol 

m h d mperatiire during the whole year ; 

b p h w of leihargy called hibernation, 

h ft g The m n t lie jear he bat, 

d les f sh examples During 

han k fodadus resi res only 

a p gd ssheisdmosled and its 

g y m i,h red ced The s r ctural 

as e I 1 ed , b t the pi eoomeiia 

a e laws already staled, (254-8.) 

260 T p int of view In which respiration 

sh d d ly, with reference to the buoy 

B p ver of risiug in the atmosphere, 

d fferent depths in the water, under 

a d m d d pressure. The organs of res- 

p b are remarkably adapted for the 

p dni a greater quantity of air into 

b d b provided with large pouches es- 

d h gs the abdominal cavity and into 

b g nsects the whole b< dy is pene- 

d by b , fications of their trachcie, which 

are enlarged at intervals into wider ce wh mos of ho 

aquatic animals are provided with mnue anos co 

Bcopic lubes, penetrating from the surface n o he s b ance 

or Ihe cavities of the body, admitting a er o he e o 

by which ibey thus adapt their whole sys em o p ess s 

which would otherwise crush them Th c b s m y 

pjopiiety be called water-tubes la f es ey pen n 

through the bones of the head and s e 1 o sK 

and scilcs, and communicate with th hood esse a 

hedit, into which ihcv poui watei , n no k& ev 

1 the flesliv parts, ai fo esa p e e 
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foot, which ihcy help t i 
main cavity of the boJ 
eciiioodertns tliey pass 



; with the 
1 through 



a. In order fuUy 
IS respiratory appar 



in iff 



between the 
mental connee- 
o the elementB 



tiona of ttese organs with 1 

than to the consideration p 

in which they live. In V ns t e are two sets 

<if distinct respiratory or an m t diiforent pe- 

riods of hfe, or in differe A te at Srst, have 

gills arising from the sides of the head, and directly supplied with 
blood from the lieart ; but these gills are the essential organs of res- 
piration only in fishes and some reptiles, and gradually disappear 
m the higher reptiles, as well as in birds and Mammalia, towards 
the close of their embryonic gxowth. Again, all Vertebrates have 
lungs, opening in or near the head ; but the Innga are fully devel- 
oped only in Mammalia, birds, and the higher reptiles, in propor- 
tion as the branchial respiration is reduced ; whilst in fishes the air- 
bladder conatitules a rudimentary lung. 

280 b. In Articulates, there are also two sorts of respiratory or- 
gans ; aerial, called IracheE in insects, and lungs in spiders ; and 
Bnuatio, in Crustacea and worms, called gills. But these tiaeheje and 
lungs open separately upon the two sides of the body, (air never 
being admitted through the mouth or nostrils in Articulates ;) tha 
gills are placed in pairs ; those which are like the trachea occupying 
a similar position, so that there are nearly as many pairs of trachea 
and gills as there are segments in these animals, (Figs. 89 and 33.) 
The different respiratory oi^ana in Articulates are in reality mere 
modiRoations of the same apparatus, as their mode of formation and 
Buecesaive metamorphoses distinctly show, and cannot be compared 
with either the lungs or gills of Vertebrates ; they are special organs 
not found in other classes, though they perform the samo functions, 
llie same may be said of the gills and lungs of mollusks, which 
arc essentially alike in structure, the lungs of snails and slugs being 
only a modification of the gills of aquatic moUusks ; but these two 
kinds of organs diifer again in their structure and relations from the 
trachere and gills of Articulates, as much as &om the lungs and gills 
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the hard shell, wliilst in polyps ihey perfnralc tlie .vails of 
the ge leral cavify of the body, which tliey constantly fill 



of Vertebrates. In those Radiates which are prorided with distinct 
respiratory organs, such, as the Eciiinoderms, we find still another 
typical structure, their gills fonning bunches of fringes around tha 
mouth, or rows of minute Teaiules along the radiutiiig segments of 
the body. 

11* 
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CHAPTEE NINTH. 

OP THE SECRETIONS. 

261. \'iiiLE, by the process of digestion, a homogeneous 
fluid is prepared from the food, and supplies new material to 
Iha blood, another process is also going on, by which the 
blood is analyzed, as it were ; some of its constituents being 
selected and so combined as to form products for uscftd 
purposes, while other portions of it which have become useless 
or injurious to the system are taken up by difierent organs, 
and expelled in different forms. This process is termed 
Secretion, 

262. The organs by which these operations are per- 
formed are much varied, consisting either of flat surfaces or 
membranes, of minute simple sacs, or of delicate elongated 
tubes, all lined with minute cells, called epithelium cells, 
which latter are the real agents in the process. Every sur- 
face of the body is covered by them, and they either dis- 
charge their products directly upon the surface, as on the 
mucous membrane, or they unite in clusters and empty into 
a common duct, and discharge by a single oiilice, as is the 
cnse with some of the intestinal glands, and of those from 
which the piM spiralion issues upon the skin, (Fig. 94.) 
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OF THE SECKETIOKS. 

263. In ihe ig! 
separate organs for 
multiplied, niimerou 
assembled iato con 
glands. Some of ll fl „ 
such as tlie salivary glands, the kidneys, 
and Vie liver. In these, clusters of sacs 
open into a common canal, and this canal 

urtites with similar ones forming larger trunks, such as wo 
find in the salivary glands, (Fig. 93,) and finally they all 
discharge by a single ducL 

264. By the organs of secretion, two somewhat different 
purposes are effected, namely, fluids of a peculiar character 
are selected from the blood, for important uses, such as the 
saliva, tears, milk, &c., some of which differ but little in 
their composition from that of the blood itself, and might 
be retained in the blood with impunity; or, the fluids 

ire such as are positively injurious, and cannot 
I the blood without soon destroying life. These 
usually termed Excaetioks. 
. 1 w gh f h b dy 



titter a 



g ts p 






1 



d d 



1 



dy (37) 1 

d h Iq d d 
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138 OF THE SECRETIONS. 

living tissues. The bloodvessels, especially the capillaries, 
slmre lliig properly. Hence portions of the circulating fluids 
escape ihrough ihe walls of the vessels and pass ofi' at the 
surface. This superficial loss is termed exhalation. \i is 
mosl active \vhere ilie bloodvessels most abound, and accord- 
ingly is very copious from the air-tubes of the lungs and 
from the skin. The loss in this way is very considerable j 
and it has been estimated that, under certain circumstances, 
1 b dj I by 1 1 fl j,h ! f h wh I 

fib d 

67 Tl k I p f ! bod h se 

II d h loss f ! b dy I 1 J 

ly w d by I ss be I 11 

d 1 1 I ff Tl I m 

mgdll 1 m Ifi! dmy 

milk mfflf fl hh f 

m( d f II d 1 I f 1 f f ! 1 

& m 1 1 p J 1 1 A i g 



68 Th k p h f h 

fl g 1 f I f h II d 

f p d fml 11 

f b 1 I h b y 

II Ij f qlhlss ybse 

f 94 I I 1 m g f d f h 

m 1 m rs d by I d f I fl 

1 I I 1 J () I I d 

I [ I I I I h 1 f p 

p pllte i I h f I 

e ey also conlaia a fine network of bloodvessels. 
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usually termed the vascular layer. The ._-^[— ^j_<r-ir::^^ 

superficial layer (c) is the epidermis, £f ~ "" ~"' 

or cuticle. The cells of h ch s com- ^ ^ ^^ - . _~ 

posed are ds net s ne po on, ;g3' ^::^S^; 

but become d ed a d fl en d aa hey " — - 
p h d d i ill <1 h 



1 



bl 




I y n, dm 
d h h 1 

sum (6 ) J h I y 

f h h h 

g ' |I 



f p 1 h I d 1 f 

ml d 1 Id f 1 C 

Ijmd flpd 01 lid 

h h fbd dhsclesffih f b 

I 1 y 
69 0flihE fw phfmh 

L h bl b h m d 

I d h I U by 

h I bl 1 f d I y d p 

m hi II f 1 I I d 

hi I f I I ^ I h 

1 hi fill <^ fhbd Iml 

Ik Ippd I1&, pdllh 

I I p 1 1 {F 5 ) 

d I pi I I k h I m d g lly 

d h m I Ii f d ! h p f 

I g b ly d d I d (F 51 ) I 
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' THE S-CRETIOl 
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CHAPTER TENTH. 

EMBRYOLOGY. 
SECTION [ 

OF THE EGG, 

271 The functions of *ep:etilive lile, of wSiilIi ko ni\e 
Irealed in the pieced ng cli iplcrs, nimplv, digesMon, circu- 
latLon, respiiatioa, and s(,cietion liaie fur their end the pres- 
ervation of the indiVLduil We ha\e now lo treat ot the 
functions thit serve foi the perpetuation of the species, 
namely those ol reproduction, {200 ) 

272 It has been g(,nerallj admitted that an rails as well 
a^ planis are the oifspnng of individuals of the same kind , 
and vice versa, thdt none of them can g \e biith to odivid- 
uils difteiing fiom themselves, but recent nv estigntioiis 
hive modified lo i considerable extent this vien, as we shall 
see hereafter. 

273. Reproduction in animals is almost universally accom 
plisbed by the association of individuals of two kinds, mate 
aoil/emales, living commonly in pairs or in flocks, each of 
them characterized by peculiarities of structure and external 
appearance. As this distinction prevails thi'oughout the ani- 
mal kingdom, it is always necessary, if we would obtain v. 
correct and complete idea of a species, to take into account 
the peculiarities of both sexes, Everyone Is familiar with the 
differences between the cock and the ben, the lion and the 
lioness, &c. Less prominent peculiarities are observed in 
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most Veriebrates. Among Articulata, the difFcrences are no 

leas striking, the malea being often of a difTerent shape and 

1 n rabs h i more complete organs, as 

n y b f I he males have wings, while 

h f m I I I 1 m (Fig. 147.) Among moi- 

1 1( h f I I f ider shell. 

274 E 1 ^h 1 than speciiie ones are based 

p p I f 1 ; for example, the whole 

I f M I I d by I f I le 



! d bj h 
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d by 1 rs If Ag 



.i 5 Tl 



II 



id 



d f -n g-^ (O 



I gy. 



1 h 



irac ng back the phases 
at aa epoch when the 
I egg It IS then called 
a this condition is called 



reseatclies baie fully confirmed 
of animal hie, we invaiiably an 
incipient animdl is enclosed uithin 
an emhrt/Oi and the period pa'^sei 
the emh-ijonic period 

276 Befoie the vai ous classes of the animal kingdom 
hid been altentuely studied during the embryonic peiiod, 
all animals were divided into two gieat divis ons theoitp- 
ainus, corapiismg thoSe which |jy eggs, such as buds, 
reptdes, fishes, insects, moUusks, iSic , and the viwparous, 
which bnag forth then young ali^e, like the mimmdlia, and 
n few from other orden, as the sharks, v pers, &c This 
(Iislmction lost much of its importance when it was shown 
tint vmparous animals aie pioduced fiom egg's, as well as 
the oviparous, onlj that then egi^s insieid of being laid 
before the development of the embi} o begm«, undeigo their 
°.ixi\y changes in th ■ body of the mother Production from 
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eggs should, tliiircfore, be considered as a universal chdra 
terislic of the Animal Kingdom. 

277. Font of the Egg. — The general form of Ihc c^ 
is more or less sphericul. The eggs of birds have the fur 



and this 
il has been universally 
by QO means ihe usua/ 



shaped I 



of an elongated sph 
fomi is BO constant, that the term 
adopted to designate it. But this 
form cf the eggs of other ammals. 
In most instances, on the contra- 
ly they are spherical, especially 
an ong the 

have singular appendages, as those 
of the skates and sharhs, (Fig. 95,) which 
a hand-barrow, with four hooked horns at tl 
eggsof the hydra, 
polyp, are thickly covered with 
prickles, (Fig. 96.) Those of 
ceriain insects, ihe Podiirella.for 
example, are furnished with fila- 
ments which give them a hairy 
aspect, (Fig. 97;) others are cylindrical 
frequently the surface is sculptured. 

378. Formation of the Egg. — The egg originati 
peculiar organs, called oaaries, which are glundula 
usually situated in the abdominal cavity. So Ion 
eggs remain in the ovary, they are very minute in : 
this condition they are called ovarian, or primiti 
riiey are identical in all animals, being, in 
fact, merely little cells (c) containing yolk, 
(j,) and including other smaller cells, the 
germinalive vesicle, {g,) and the gei 
dot, (iL) The yolk itself 
(i',) is formed while the 
ovary. It is afterwards enclosed In anothi 
envelope, the shell membrane, which may 
12 
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Of be further J d bj 1 d p ts h 1 T 

proper, (Fig. 101 ) Tl mb f 1 1 

proportion as I 1 d I II IV 

it belongs. Tl f h b 

25,000 eggs ; 1 I h f b d 1 U 

number, perhap 1 d ed I 

279. Ovula — H g d f 
maturity, whici d fi la> b 1 

tlie ovary. Tb 11 d i dm b 

founded with th 1 y f b i 1 1 b q 

expulsion of ll m f m 1 d ! h 

diately, or thr b p 1 11 / 1 

taltes place a f 1 j d b 

fore the anin ! h h d p 1 hi 

commonly iha f fllg bl mj fp 

ovulation is rep d f b f j 1 

generally in tl p g 1ml d f q ly 

several times a year ; most of the lower acjuatic animals, how- 
ever, lay their eggs in the fall, or during winter. In others, 
on the contrary, it occurs but once during life, at the period of 
maturity, and the animal soon afterwards dies. Thus the but- 
terfly and most insects die, shortly after having laid their eggs. 

280. The period of ovulation is one of no less interest to 
the zoologist than to the pbysiotogisl, since the peculiar 
characteristics of each species are then most clearly marked. 
Ovulation is to animals what flowering is to plants ; and, 
indeed, few phenomena are more interesting to the student 
of nature than those exhibited by animals at ihe pairing 
season. Then their physiognomy is the most animated, 
their song the most melodious, and their attire the most 
brilliant. Some birds appear so different at this time, that 
zoologists are always careflil to indicate whether or not a 
bird is represented at the breeding season. Fishes, and 
many other animals, are ornamented with much brighlcr 
colore at ihis-prriod. 
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281. Laying. — After leaving the ovary, the eggs are 
either discharged from the animal, that is, laid; or tliey 
continue their developmsnt witliin the parent animal, as is 
tlie case in some fishes and reptiles, as sharks and vipers, 
which, for that reason, have been named ovo-viniparotta 
animals. The eggs of the mammalia are not only developed 
wiihin ihe mother, but become intimately united lo her ; this 
]ieculiar mode of development has received the name of 

282. Eggs are sometimes laid one by one, as in birds ; 
sometimes colleciively and in great numbers, as in 
the frogs, the fishes, and most of the invertebrates. 
The queen ant of the African termites lays B0,000 
eggs in twenty.four hours ; and the common hair- 
worm, (Gordius,) as many as 8,000,000 in less than 
one day. In some instances they are united in 
clusters by a gelutinous envelop ; in others ihey ave 
enclosed in cases or between membranous disks, 
forming long strings, as in the eggs of the Pyrula shell, (Fig 
99.) The conditions under which the eggs 
of different animals are placed, on being laid, 
are very different. The eggs of birds, and of 
some insects, are deposited in nests constructed 
for that purpose by the parent. Other animals 
carry their eggs attached to their bodies ; 
sometimes under the toil, as in the lobsters 
and crabs, sometimes hanging in large bun- 
dles on both sides of the tail, as in the Mo- 
nooiiKis, (Fig. 100, =t.) 

293. Some toads carry them on the back, and, what ia 
most extraordinary, it is the male which undertakes this 
office. Many mollusks, the Unio for example, have them 
ei>-i'osed between the folds of the gills during incubation. 
It the jelly Sshes and polyps, they hang in clusters, either 
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outside, (Fig. 77, o,) oi- inside, at the bottom of t.ie cavity 
of the body. Some insects, sucSi as the gad-flics, deposit 
theii- eggs on other animals. Finally, many abandon their 
eggs to the elements, taking no further care of them after 
they have been laid ; sueh is the case with most fishes, aorne 
msecls, and many mollusks. As a general rule, it may be 
gaid ihat animals lake the more care of their eggs and brood 
as ihey occupy a higher rank in their respective classes. 

284. Tbe development of ihe embijo does not al«ay3 
lake pKce immedjaielj after the egg is laid A coiisiden- 
ble time, even, nia> elapse before it tommcnccs Thus, the 
first eggs hid by the hen do not begin to devblop until the 
whole numbei which is to constitute the brood is deposited 
The eggs of most butterflies, and of insects in generil, aie 
1 d n a umn in temperate cliniates,and lemain unchanged 
nt 1 le folio ving spring During this time, the pimciple 
of 1 fe n tl e egg is not extinct, but i« simply inactive, or in 
a I e t sate This tenacity of life is displayed in a still 
more st 1 ng manner in plants The isecds, which are 
cqu vulent to eggs preserve foi ^eirs, and even for ages, 
ther JO e to germinate Thus, Ihere are some well- 
1 le c ted eases in which wheal taken from the ancient 
c ICO bs of Egypt has been made to sprout and grow 

*^5 A ce am degree ot waiinlh is lequisite for the 
ha cl ng of eggs Those of buds, especially, lequiie to be 
6 bTi d for a certim length of time, to a miifoira tern- 
peratu c corresponding to the natural heat of the future 
cl clen wl ch is naturall) sup|]lied by the bodj of the 
parent In o her words, tnnihalton is necessary for llieir 
growth Incubation, however, is not a puiely vital phenom- 
enon, but may be easily imitated artificiilly Somt birds 
of warm chmates dispense with this task , for example, the 
ostrich often contents htrself with depositing hei eggs in the 
sand of the desert, lea log them to be hatched bj tbe sun In 
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I'ke nil liner, ihc eggs of most birds may be batched by main- 
laining ihem at ibe proper temperature by ortificial means. 
Some Rsbes are also known to build nests and to sit upon 
llieir . :ggs, as the sticklebacks, sun-fishes, and cat-fiahes ; but 
whotlier they impart heat to them or not, is doubtful. 

Before entering into the details of embryonic transfor- 
mations, a few words are neuessary respecting the composi- 
tion of the egg. 

286. Composition of the Egg.— The egg is composed 
of several substances, varying in structure, as well as in 
a|ipearance. Thus, in a hen's egg, (Fig. 101,) we have first 
a calcareous shell, (s,) lined by a double m n b ane he shell 
memlrarie, {m ;} then an alb m sub an e wliite, 

(o,) in which severe! layers m y be d ng b d within 



i find the yolk, (i/,) ed 

before it was laid, there was u he d 
nule vesicle, the germinative es (F ! 
a still smaller one, the germinative. dot, [d.) 
parts are not equally important in a 
physiological point of view. The 
most conspicuous of them, namely, 
the shell and the while, are not es- 
sential parts, and therefore are often 
wanting; while the yolk, the ger- 
icle, and the germina- 



of 



1 mbrane ; i 



These ditferent 




Fig. 101. 



live dot are found in the eggs of 

all animals ; and out of these, and of these only, the germ is 

formed, in the position shown by Fig, 101, e. 

287. The eitcllus or tjolk (Fig. 101, y) is the most essen- 
tia! part of the egg. It is a liquid of varia 
sometimes opaque, as in the eggs of birds, si 
parent anil colorless, as in the eggs of some fishes and 
inoiluslis. ,0n examiniition under the microscope, it appears 
lu be composed of an accumulation of granules and oil-drops. 
12* 
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The yolk is surrounded by a very thin skin, the vitelline 
membrane, '/'"ig- 98, v.) In some insecls, when ihe albumen 
is wanting, this membrane, surrounded by a layer of pecu- 
liar ceils, forms the e;ilerior covering of the egg, which, in 
such cases, is generally of a firm consistence, and somelimes 

288, The germinatwe vesicle (Fig. 98, g) is a cell of ex- 
Ireme ielicacy, situated, io the young egg, near the middle 
of the yolk, and easily recognized by the greater transpar- 
ency of its contents when the yolk is in some degree opaque, 
as in the hen's egg, or by its outline, when the yo_lk itself is 
transparent, as in eggs of fishes and mollusks, It contains 
one or more little spots, somewhat opaque, appearing as 
small dots, ihe germinal dots, {d.) On closer examination, 
these dots are themselves found to contain smaller nucleoli. 

289. The albumen, or white of the egg, (Fig, 101, a,) is 
a viscous substance, generally colorless, but becoming 
opaque while oa coagulation. Voluminous as it is in birds' 
eggs, it nevertheless plays but se d j [ hi 

ry of their development. It is f d h } ' k 

the yolk, but is secreted by the d d d p d d 

the yolk, during the passage of h g h ^1 1 I 

On this account, the eggs of tb 1 h 1 I 

duct is wanting, are generally i I lb 1 

birds, the albumen consists of 1 I j f h h 

the cAo?«2tB, (c,) is twisted. Lk I II 1 lb 
surrounded by a membrane, th / // h ( ) I I 

is either single or double, ani b d 1 

reptiles and mollusks, is agai p d by I 

covering, forming a true shell ( ) I as h 

ever, this envelop continues me b j 111 

eggs of the mollusks, most cru ta d fi h I m 

ders, frogs, &c. Sometimes 1 1 h k 

and ska'es. 
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290. The formation and dcTelopmeat of iho young ani- 
ens! within the egg is a most mysterious phenomenon. From 
a hen's egg, for example, surrounded by a shell, and com- 
posed, as we have seen, (Fig. 101,) of albumen and yolk, 
with a minute neslcle in its iiilerior, there is produced, at the 
end of a certain time, a living animal, composed apparently 
of elements entirely different from those of the egg, en- 
dowed with organs perfectly adapted to the exercise of all 
(he functions of animal and vegetative life, having a pul- 
sating heart, a digestive apparatus, organs of sense for the 
reception of outward impressions, and having, moreover, the 
faculty of performing voluntary motions, and of e\peri- 

suffieient to excite the curiosity of every intelligent person 

291. By opening eggs which have heen subjected to mcu- 
balion during different periods of time, we may easily satisfy 
oui-selves that these changes are effected giadually We 
thus find that those which have undergone but a short incu- 
bation exhibit only faint indications of the future animal; 
while those upon which the hen has heen sitting for a 
longer period include an embryo chicken proporlionally 
more developeil. Modern researches have taught us that 
these gradual changes, although complicated, and at first 
sight so mysterious, follow a constant law in each great 
division of the Animal Kingdom. 

292. The study of these changes constitutes that peculiar 
branch of Physiology called Emehvology. As there are 
differences in lie fou, groat departments of the Animal 
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Kingdom perceptible at an early stage , of embryonic life, 
quite as obvious as those found at maturity, and as the 
phases of embryonic development furnish important indi- 
cations for the natural classification of animals, we propose 
to give the outlines of Embryology, so far as it may havo 
reference to Zoology. 

293. In order to understand the successivt! steps of em- 
bryonic development, wo must bear in mind that the whole 
animal body ia formed of tissues, the elements of which are 
cells, (39.) These cells, however, nre more or less diversi- 
fied and modified, or even completely metamorphosed in the 
full grown animal; but, at the commencement of embry- 
onic life, the whole embryo is composed of minute cells of 
nearly the same form and consistence, originating within the 
yolk, and conaiandy undergoing changes under the influence 
of life. New cells are successively formed, while others 
disappear, or are modified and so transformed as to becomo 
bones, inuBcles, nerves, &o. 

294. We may form some idea of this singular process, 
by noticing how, in the healing of a wound, new substance 
is supplied by the transformation of blood. Similar changes 
take place in the embryo, during its early life ; only, instead 
of being limited to some part of the body, they pervade the 
whole animal. 

295. The changes commence, in most animals, soon after 
the eggs are laid, and are continued without interruption 
until the development of the young is completed ; in others, 
birds for example, they proceed only to a certain extent, and 
are then suspended until incubation takes place. The yotk, 
which at first consists of a mass of uniform appearance, grad- 
ually assumes a diversified aspect. Some portions become 
more opaquo and others more transparent ; the germinal 
vesicle, whicn was in the midst of the yolk, rises to its upper 
Oiirt where the germ is to be formed. These early changes 
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are accompanied, m som 
wiiliin the egg, as may 
mdllitsks, especially 
296. At Ihe sam. 
process of 
forming disliiict sphen 



the 



animals, by a rotation of fhe yolk 
3 distinctly seen in some of the 



I, the yolk undergoes a peculia 



E divided i 



halve 



enmos the 
which it i 
vesicle. 



This 



:, &c. In 



1 the ( 

mny ; 



ofamul 
having 



li are again regnlarly snb- 
I on, till the whole yolk as- 
)eriy, eiich of the spheres of 
n its interior a transparent 
mnimmalia, most mollusks, 
, however, as in ihe naked 
enlaiion is only pailial, the 



reptiles and fishes,* 
divisions of the yolk n 

297. But whether complete or paciiiil, this process leada 
to the formation of a germ comprising the whole yolk, or 
rising above it as a disk-shaped protuberance, composed of 
little cells, which has boon variously designated under the 
names of germliiative disk, proligerous disk, blastoderma, 
germinal membrane. In this case, however, that portion of 
the yolk which has undergone less obvious changes forms, 
nevertheless, part of the growing germ. The disk again 
gradually enlarges, until it embraces the whole, or nearly 
the whole, of the yolk. 

298. At this early epoch, 
times a few hoi rs 
after development 




reptiles we find, in the i 
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of very mliiule rclls, nil of which are alike in appearance 
and forni, (Fig. 102, g.) But soon aflcr, as the germ iiicretisea 
in thickness, seven! hyera may be dibccrned, in vertebrnled 
animals, (Fig 103,) which become more and more distinct. 

399 The uppei lavei", (^i) m which are subsequently 
foiinfd the orgin'S of immal life, namely, the nervous sjs- 
tpm, the muscles, the skeleton, &.C , (59,) hns received tho 
name oi saotis oi nenous layer The lower layer, (ni,) 
which gives ougin to the oigans of vegetative life, and eape- 
ciallj to the intestines, is called the mttcoas or vegetative 
layer, and is genenllj composed of larger cells than those 
of the upper or sliou? iayei Finally, there is a third 
layer, (i,) inlei posed between the two others, giving rise to 
the formation of blood and the organs of circulation ; whence 
it has been called blood la er or vascular layer. 

300. From 1 e anne which the germ ia modified, wo 
can generally d ng si a a very early epoch, to what de- 
partment of the an al k gdora an individual is to belong. 
Thjs, in the A c lata he germ is divided into segments, 

nd eating the transverse divisions 

0^^^^ of the body, as, for example, in the 
AjTk embryo of the crabs, (Fig. 104.) 
Hjfl The germ of the vertebrated aiii- 
^H[^p mals, on the other hand, displays 
^•^ a longitudinal furrow, which marks 

Fig. 104. Ilg. 105. ,i,g position the future back-bone 
is to occupy, (Fig. 105.) 

301. The development of this furrow is highly important, 
a; indicating the plan of structure of vertebrated animals in 
general, as will be shown by the following figures, which 
represent vertical sections of the embrj-o at different epochs." 

* In these fiRureB, the egg is supposed to be cut down through the mid- 
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At first the furrow (Fig. 106, b) is very shallow, and j 



Fig. 108. Tig. 107- Fig. 108. 

tl« transparent, narrow band appears under it, calleil tlie 
primiliie siripe, {a.) The walls of the furrow consist of two 
raised e<iges formed byaswelliugof the germ along both aides 
of ihe primitive stripe. Gradually, these walls grow higher, 
and we perceive that their summits have a tendency to ap- 
proacli each other, as seen in Fig. 107; at lasl they meet 
and unite completely, so that the furrow is now changed 
into a closed canal, (Fig. 108, b.) This canal is soon filled 
with a peculiar liquid, from which the spinal marrow and 
brain are formed at a later period. 

302. The primitive stripe is gradually obliterated by fi 
peculiar organ of a cartilaginous nature, the dorsal cord, 
formed in the lower wall of the dorsal canal. This is found 
in the embryos of all vertebrates, and is the representative 
of the back-bone. In the mean time, the margin of the 
germ gradually extends farther and farther over the yolk, so 
as finally to enclose it entirely, and form another cavity ia 
which the organs of vegetative life are to be developed. 
Thus the embryo of vertebrates has two cavities, ramely, 
the upper one, which is very small, containing the nervous 
system, and the lower, which is much larger, for the intes- 
lines, (161.) 

303, In all classes of the Animal Kingdom, the embryo 
proper rests upon the yolk, and covers it like a cap. But 
the direction by which its edges approach each other, and 



itend 0-ver the yolk in every dj-ee^nn, and tho 
would appear as in Fig. 105. 
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untie to form the cavity of the body, la very unlike in dil 

md these several modes 

are of high importance in claSfifi cation. 

Among the Vertebrates, the embrj'o liea 

with its face or ventral surface towarda 

the yolk, (Fig. lOa.) and thus the suture, 

or line at which the edges of the germ 

unite lo enclose the yolk, and which ill 

the mammals forms the navel, is found 

ill front. Another suture is found along 

the back, arising from the actual folding upwards of the 

upper surface of the germ, to foi'm the dorsal cavity. 

304. The embryo in the Articulata, on the contrary, lies 
with its back upon the yolk, as seen in the following figure, 

which represents an embryo of Podurella ; 
consequently the yolk enters the body on 
that side ; and the suture, which in the 
vertebrates is found on the belly, is here 
found on the back. In the Cephalopoda 
the yolk communicates with the lower 
Fig. no. side of the body, as in Vertebrates, but 

there is no dorsal cavity formed in them. 
In the other Mollusks, as also in the Worms, there is Ihia 
peculiarity, that the whole yolk is changed at the beginning 
into the substance of the embryo ; whilst in Vertebrates, and 
the higher Articulates and Mollusks, a pari of it is reserved, 
till a later period, to be used for the nourishment of the em- 
bryo. Among Eadiata, the germ is formed around the yolk, 
and seems to surround the whole of it, from the fii-st.* 

305. The development of the embryo of the vertebraled 
animals may be best observed in the eggs of fishes. Doing 
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Irons parent, they do not require to be cut open, and, by 
Bufficient caution, the whole series of embryonic changes 
may be observed upon the same individual, and thus the 
cession in which the organs appear be ascertained with 
cision ; whereas, if we employ the egga of birds, which are 
opaque, we aro obliged to sacrifice an egg for each obser- 

306. To illustrate these general views as to the develop- 
ment of the embryo, we will briefly describe the principal 
phases, as they have been observed in the White-fish of Eu- 
rope, which belongs to the salmon family. The following 
magnified sections will illustrate this development ind show 
the period at which ihe 1 fTtrent organs success elj appear 




307. Theegg, whpnl 1 (F g 111 ) s=i] he i\ i bout the 
size of a s n 11 pea and nearly transparent. It has no 
me and 1 e si ell mtmbrane is so closely attached ti 
menb a e of le yolk, that they cannot be distinguished. 
Oil i ke glob les a e scattered through the mass of the yolk, 
or g w ped u o a sort of disk, under which lies the germina' 
ti\e es cle Tl e first change in such an egg occurs a 
hours after if has been laid, when the shell membrane ; 
rales from the yolk membrane, in consequence of the ab' 
sorption of a quantity of waler, (Fig. 112,) by which the 
egg increases in size. Between the shell membrane {s m) 
and the yolk, (y,) there is now a considerable transparent 
space, which corresponds, in some respects, to the albumen 
found in the eggs of birds. 

308. Soon afterwardi wi see, in the midst of the oil-Hko 

IS 
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globules, a swelling in (he shape of a transparent vtsic e 
(Fig. 113, g,) composed of very delicate cells. This is iha 
first indication of iht gi>m Tl 's swelling rapidly enlurgea 
until it envelops a greai part of the yolk, when a depression 




IS lornicd upon it, (Fi^ 114 ) Th s depression becomes by 
degrees a deep furrow, and soon after a second lurrow ap- 
pears at right angles with the former, so that the germ now 
presents four elevations, (Fig. 115.) The subdivision goes 
on in ihia way, during the second and third days, until the 
germ is divided into numerous little spheres, giving the sur- 
face the appearance of a mulberry, (Fig. 116.) This ap- 
pearance, however, does not long continue ; at the end of 
the third day, ihe fissures again disappear, and leave no 
visible traces. After this, the germ continues to extend 
as an envelop around the yolk, which it at last entirely 

309. On ihe tenth day, the first outlines of the embryo 
begin io appear, and we soon distinguish in it a depression 
between two little ridges, whose edges constantly approach 




Pig. 117. 
each other until they 



Fig. 119. 
id form a canal, ^Fig. ll'J, b,) 
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as has been before shown, (Fig. 107.) At the same .'me, 
an enlargement at one end of the furrow is observed. This 
ta ihe rudiment of the head, (Fig. 118,) in which may soon 
be distinguished traces of the three divisions of the brain, 
(Fig. 119,) corresponding to ihe senses of sight, (m,) hear- 
ing, («,) md >mell, (p.) 

310. Towards the thirteenth day, we see a transparent, 
cartilaginous cord, in the place afterwards occupied by the 
back-bone, composed of large cells, on which transverse 




Fig. 120. Pig. 121. Fig. 122. 



divisions are successively forming, (Figs. 120, 121, c.) This 
is the dorsal cord, a part of which, as we have before seen, is 
common to all embryos of vertebrated animals. It always 
precedes the formation of the back-bone ; and in some 
fishes, as the sturgeon, this cartilaginous or embryonic state 
is permanent through life, and no true back-bone is ever 
formed. Soon after, the first rudiments of the eye appear, 
in the form of a fold in the external membrane of the germ, 
in which the crystalline lens (Fig. 121, a;) is afterwards 
formed. At the same time we see, at the posterior part 
of the head, an elliptical vesicle, which is the rudiment of the 
€ar. At this period, the disiinctioti between the upper and 
llie lower layer of the germ is best traced ; all the changes 
mentioned above appertaining to the upper layer. 

311. After the seventeenth day, the lower layer divides 
into two sheets, the inferior of which becomes the i 
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The liearf shows itself about thp same time uiiHei the foriji 
of a simple cavity, (Fig. 121, A,) m tho m dst ol a mass 
of cells belonging to the middle or vascular layer As =oon 
as the cavity of the heart is clo'ied in, regular motions of 
contraction and expansion are percei\ed, and the globules 
of blood are seen to rise and fall in conformity With these 



313. There is as yet, however, no circulation. It la not 
until the thlrtielh day that its first traces ire manifest in the 
existence of two currents, one running towards tho head, the 
other towards the truak, (Fig. 122,) with sim lai ret irmng 
currents. At this time the liver begins to he formed Mean 
while, the embryo gradually disengages itself, at both ends, 
from its adherence to the yolk , the tdil becumes fii^e, and 
the young animal moves it in violent jerks 

313. The embryo, although still enclosed m the egg, now 
unites all the essential conditions foi the exercise of the 
functions of animal life. It has a brain, an intesi ne, a pul- 
sating heart and circulating blood, and it moies its tali spon- 
taneously. But the forms of the organs are not yet complete 
nor have they yet acquired the precise shape that character- 
izes the class, the family, the genus, and the species. The 
young White-fish is us yet only a vertebrate animal ill gen- 
eral, and might as well he taken for the embryo of a frog. 

314. Towards the close of the embryonic period, after the 
fortieth day, the embryo acquires a more definite shape. 
The head is more completely separated from the yolk, the 
jaws protrude, and the nostrils approach nearer and nearer to 
tho end of the snout; divisions are formed in the fin which 
surrounds the body ; the anterior limbs, which were indicated 
only by a small protuberance^ assume the shape of fins ; and 
finallv, the openings of Ihe gills appear, one after the other, 
50 that we cannot now fail to recognize the type of fishes. 

315. In this state, the young white-fish escapes from the 
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aid, (Fig. 123,) l.ut 



fcgg, about the sixtieth diiy after i 
its developtnenl is still 
incomplete. The out- 
lines are yet too indis- 
tinct to indicate the 
genua and the species 
to whieh the fish be- 
longs ; at most we distinguish its order only. The opercvila 
or gill-covers are not formed; the tea.h aro wanting; tho 
fios have as yet no rays ; the mouth is underneath, and it 
is some time before it assumes its final position at the most 
projecting point of the head. The remainder of the yolk u 
suspended from the belly, in the form of a lai 
it daily diminishes in size, until it is at length c 
into the animal, (304.) The dui 
varies extremely in different fish 
course of a few days, ' 



Fig. 123. 



s bladder 
m pi etely taken 
a of these metamorphoses 
some accomplish it in the 
: in others, months are required. 



S15 a. In frogs oind all the naked reptiles, the development is very 
similar to that of fishes. It is somewhat different in the scaly rep- 
tiles, (snakes, linarda, and turtles,) which have peculiar membranes 
surrounding and protecting the embryo during its grovith. Prom 
one of these envelopes, the allantoYs, (Fig- 125, a,) is derived their 
common name of iUant itrfin i Verlebraies in opposition to the naked 
le t ea a d fiahea which are ca led 1 alia aid a 

ol5 b The Allnntold an Vertebrates d fer from each other in 
seveial essent al pe uliar ties Among Birds as well as in the ecal^ 




Fig. 125. 
ji epoch, when the embryo is already dia- 
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316. As a general fact, it should be further stated, thiit 
the envelopes which protect the egg, and also the embryo, 
are the more numerous and complicated as auimals belong 
to a higher class, and produce a smaller number of eggs. 
This is particularly evident when contrasting the innumer- 
able eggs of fishes, discharged almost without protection 



engapng itself from the yolk, a fold rising arouud the body from the 
upper layer of the genn, so as to present, in a longitudinal aeetion, 
two prominent walls, (Fig. 124, xx.) These walls, converging from 
all sides upwards, riaj gi-adually till they unite abcive the middle of 
the back, (Fig, 126.) When the junction is effected, which in the 
hen's egg takes place in the course of the fourth day, a. cavity is 
formed between the back of the embryo (Fig. 126, e) and the new 
mfinibrane, whose walls are called the amnios. This cavity becomea 
filled with a peculiar liijuid, the amtiiaiio waier. 

316 c. Soon after the embryo has been enclosed in the amnios, a 
shallow pouch forms fi-om the mucous layer, helow the posterior ex- 
tremity of the embryo, between the tiul and the vitelline mass. This 
pouch, at first a simple little einua, (Fig. 125, a,) grows larger and 
larger, till it fbrms an extensive sac, tlie ailanloU, turning hackwacda 
and upwards, so as completely to separate the two plates of the am- 
nios, (Fig. 126, 0,) and finally enclosing tiiB whole embryo, with lUl 




Kg. 126. 
amnios, in another lai^e sac. The tubular part of this sac, which is 
nearest the embryo, is at last transformed into the urinary bladder, 
[■he heavt (A) is already very large, with mniuto arterial threads 
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i.itn the wafer, with the well- protected eggs of birds, ar.d 
still more with the growth of young mammals within the 
body of the mother. 

317. But neither in fishes, nor in reptiles, nor in birds, 
does the vitelline membrane, or any other envelope of the egg, 
lake any part in the growth of the embryo ; while on the 




m 



pasaing off from it. At this period there exis 
sides of the neck, and a branchial voapjration §■ 

315 d. The development of 
mammals exhibita the fallowing 
peeuliaiities. The egg is es- 
ceedingly minute, almost micro- 
Hcoptc, although composed oS the 
same essential elemanta as those 
of the lower animals. The vitel- Fig. 137- 

line membrane, called chorion, in 

this class of animals, is comparativEly thicker, (Fig. 127, P,) always 
soft, surrounded by peBulior cells, being a kind of albumen. The 
chocitvn soon grows proportionally larger than the vitelline sphere 
itself, (Fig. laa, y,) so as no longer to invest it directly, being sepa- 
rated from it by an empty space, (k.) The germ is framed in the 
sameposilJonasintheoUierda'jsesolVertehratea, namely, at the top 
of the vitellus. (Kg. 
laS ;) and hero also 
two layers may be 
distinguiahed, the up- 
per or seraiis layer, (s,] 
and the lower or m 
«,«, layer, (_m.) j 
it gradually enlargi 
the surface of the 



choric 




th Uttle fringes, which, at a later epoch, will be attached to 
ther by means of similar fringes arising 6-oir. the walls of 
trix, or organ ivhich contains the embryo. 
!. The embryo itself undergoes, within the cnorior changes 
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contrary, ) 



le mammals, the chorion, which correspc.ida 
! membrane, is vivified, and finally becomes 
attached to the maternal body, thus establishing a direct con- 
nection between the young and the mother ; a connectioa 
which is again renewed in another mode, after birth, by the 
process of nursing. 



■iinilar to those deacribed in 



]s blood vessels become n 




i its body and its organs are 
s encloses it, and an allantols 
grows oM of the lower extremity of the little ii 
allantota has surrounded iJie embryo, i " 
and moro numerous, so as to extend into the 
fiiugos of the chorion, (Fig. 131,yc;) while, 
on the other liand, simUar vessels from the 
mother extend into the corresponding 
iringoa of the matiix, (p w,) but without 
directly communicating with those of the 
chorion. These two sorts of fringes sooa 
become interwoven, si as to form an intri- 
cate organ filled ivith blood, called the pla- 
centa, to which the embryo remains sus- 
pended until birth. 

315/. From the fact above stated, it is ctaar that there are threo 
modifications of embryonic development among vertobrated animals, 
namely, that of Hshes and nalted reptiles, that of scaly reptiles and 
birds, and that of the mammals, which display a gradation of moro and 
more complicated adaptation. In iishes and the naked reptiles, the 
germ simply encloses the yollt, and the embryo rises and grows from 
its upper part. In tlie scaly reptiles and birds there is, besides, an 
llmnioB arising from tie peripheric partof the embryo and an Eillantols 
growing out of he lower cavity, both enclosing and protecting the 
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SECTION ni. 

ZOOLOGICAL IMPORTANCE OF EMBRYOLOGY. 

318. As a general result of the obscrvalioas which have 
been ir.ide, lip lo this time, on the embryology of the various 
classes of the Animal Kingdom, especially of the vette- 
brates, it may be said, that the organs of the body are siie- 
cessively formed in the order of their organic importance, 
the most essential being always the earliest to appear. In 
accordance with this law, Ihe organs of vegetative life, the 
intestines and their appurtenances, make their appearance 
subsequently to those of animal life, such as the nervous 
system, the skeleton, &c. ; and these, in turn, are preceded 
by the more general phenomena belonging to the animal as 

319. Thus we have seen that, in the fish, the first changes 
relate to the segmentation of the yolk and the formation of 
the germ, which is a process common lo all classes of ani- 
mals. It is not until a subsequent period that we irace the 
dorsal furrow, which indicates that the formiiig animal will 
have a double cavity, and consequently I elong to the diN !si(,o 
of the vertebrates; an indication afterw irds fully confirmed 
by the successive appearance of the b'^ain and the organs 
of sense. Later still, the intestine is ft rmcd, the limbs be- 
come evident, and the organs of reap'^-ation acquire their 
definite form, thus enabling us to distinguish with certainty 
the class to which the animal belongs. Finally, after the 
egg is hatched, the peculiarities of the teeth, and the shape 
of the extremit es, mark the genus and species. 

320. Hence the embryos of diiferent animals resemble 
each ulnor more strongly when examined in the earlier 
Stages of thei r growth We have already stated thai, during 
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almost the whole period of embrj'onic life, the young fish 
tind the young frog scarcely differ at all, (313 :) so it is also 
with the young snake compared with the embryo bird. The 
embryo of the crab, again, is scarcely to be dislingiiishecl 
from that of the insect ; and if we go still further back in 
the history of development, wc come to a period when no 
nppreciable difference whatever is to be discovered between 
the embryos of the various departments. The embryo of 
the snail, when the germ begins to show itself, is nearly (he 
same as that of a fish or a crab. All that can be predicted 
at this period is, that the germ which is unfolding itself 
will become an anima! ; the class and llie group are not yet 
indicated. 

331. After this account of the history of the development 
of the egg, the importance of Embryology to the study of 
systematic Zoology cannot be questioned. For evidently, if 
the formation of the organs in the embryo takes place in an 
order corresponding to their importance, this succession must 
of itself furnish a criterion of their relative value in classifi- 
cation. Thus, those peculiarities that first appear should be 
considered of higher value than those that appear later. In 
this respect, the division of the Animal Kingdom into four 
types, the Vertebrates, the Articulates, the Mollu-sks, and the 
Radiates, corresponds perfectly with the gradations displayed 
V/ Embryology. 

322. This classification, as has been already shown, (61,) 
is founded- essentially on the organs of animal life, the ner- 
vous system and the parts belonging thereto, as found in the 
perfect animal. Now, it results from the above account, 
that in most animals the organs of animal life are precisely 
those that are earliest formed in the embryo; whereas those 
of vegetative life, on which is founded the division into 
classes, orders, and families, such as the heart, the respiratorj 
ip >aratus, and iliu jaws, are not distinctly formed until after- 
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wards. Therefore a classification, to be true And natural, 
must accord with the succession of organs in the embryonic 
development. This coincidence, while it corroborates llie 
anatomical principles of Cuvier's classification of the Animal 
Kingdom, furnishes us with new proof that there is a genera 
plan displayed in every kii d of de elopment 

323. Combining these two po n s uf v e v 1 at of Embry- 
ology with that of Anatomj he four d s ods of he Animal 
Kingdom may be reprcsen d by ti p four lignres which are 
to be found, at the centre of tl e d g -a i at the beginning 
of the volume. 

324. Tlie type of Vertebra es ha g t o cav ties, one 
above the other, the forme le e 1 to reee ve 1 e nervous 
system, and the latter, which ofakge s ze f r he intes- 
tines, is represented by a double crescent united at the cen- 
tre, and closing above, as well as below, 

325. The type of Articulata, having but one cavity, grow- 
ing from below upwards, and the nervous system forming 
a series of ganglions, placed below the intestine, ia repre- 
seated by a single crescent, with the horns directed up- 
wards. 

326. The type of Mollusks having also but one cavity, the 
nervous system being a simple ring around the cesophaguH, 
with ganglions above and below, from which threads go off 
to all parts, is represented by a single crescent with the 
hoins turned downwards, 

337. Finally, the type of Kadiata, the radiating form of 
which is seen even in the youngest individuals, i 
by a star. 
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PECULIAR MODES OF REPRODUCTION. 
SECTION I. 

GEM -VIIPAROOS AND FISSIPAKOUS REPRODUCTION. 

328. We have shown in the preceding chapter, that ovula- 
tion, and the development of embryos from eggs, is common 
to ail classesof animals, and must be considered as the great 
process for the reproduction of species. Two other modes 
of propagation, applying, however, to only a limited numher 
of animals, remain to be mentioned, namely, ^emmiparous 
reproduction, or multiplication by means of buds, and fissip- 
arous reproduction, or propagation by division; and also 
some still more extraordinary modifications yet involved in 
much obscurity. 

329. Reprodjiclion by buds occurs among the polyps, me- 

dusje, and some of the infusoria. On the stalk, 
or evea on the body of the Hydra, (Fig. 132,) 
and of many infusoria, there are formed 
buds, like those of plants. On close exam- 
ination they are found to be young animals, 
at first very imperfectly formed, and commu- 
nicating at ihe base with the parent body, 
from which they derive their nourishment. By 

Fig, 183. , , •' ^ 

degrees, the animal is developed ; in most 
ases, the tube by which it is connected with the parent 
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withers away, and the animal is thug detached and becomes 
mdepecdent. Others rema.in through life united to the parent 
stalk, and, in this respect, present a more striking analogy to 
the buds of plants. But in tlie polyps, as in trees, budding 
is only an accessory mode of reproduction, which pre- 
supposes a trunk already existing, originally the product of 
ovulation. 

330, Reproduction hy division, QT i 
is still more extraordinary ; it takes p 
some infusoria. A cleft or 

:, very slight at first, 

8 to become a deep 
', like that observed in the 
yolk, at the beginning of embry- 
onic development; at the same 
time the contained organs are di- ^'S' 133- 

vided and become double, and thus two individuals are formed 
of one, so similar to each otherthat it is impossible tosay vfhlch 
IS llie parent a.nd which the offspring. The division takes place 
sometimes vertically, as, for example, in Vorticella, (Fig, 
133,) and in some Polyps, (Fig. 134,) and sometimes tracs- 




versely. In some Infusoria, the Paramecia, for i 
this division occurs as often as three or four limes in a day. 
831. In consequence of this same faculty, many animals 
are able to reproduce various parts of their bodies when 
accidentally lost. It is well known that crabs and spiders, 

with the aims of the sta r- fishes. The tail of a lizard is alsio 
li 
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readily reproduced. Sdamatiders evea possess tha faculty 
of reproducing parls of the head, including the eye with all 
its complicated slruRture. Sometiiing similar takes place in 
our own bodies, when a new skin is formed over a wound, 
or when a broken bone is reunited. 

332. In some of the lower animals, this power of repara- 
tion is carfied much farther, and applies to the whole body, 
so as closely to imitaie fissiparous reproduction. If an earth- 
worm, or a fresh-water polyp, be divided into several pieces, 
the injury is soon repaired, each fragment speedily becoming 
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331. It is a matter of common observation, that individuf 
of the same species have the same general appearance, 1 
which Iheli peculiar orgnnization is indicated. The trar 
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iTiission of ihese characteristics, from one generation to the 
next, is justiy coosidered as one of tile great laws of the 
Animal and Vegeit.ble Kingdoms. It is, indeed, one of the 
points on which the definition of species is generally fonnded. 
We would, howfi'er, unhesitatingly adopt the new definitioa 
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the mouth, (m,) however, being free in each, (Fig. 135.) 




The ndi\ duB.U thu ju i,J floating ooluoics produce eggs ; 
bit in each animal ti ere ii^ generally but oue egg formed, 
ni ch s developed u the boiiy of the parent, and from 
wh ch IS halcl ed a 1 Itle nollusk, (Fig, 136,) wlilch remaing 
B lilaiy and d 15ers in many lespects from the parent. This 
1 tile an mal on the other hand, does not produce eggs, but 
piopagates by a k nd of budding, which gives rise to chains 
eirtidj setn with n the body of their parent, (a,) and these 
a^i Q br ng foith sot ta y md v duals. Sic. 

338 In some paras tic worms, alternate generation is 
acconpai ed by all! more extraordinary phenomena, as is 
si own by tl e late d scover es of the Danish naturalist, Steen- 
st p Amo g the n merous animals which inhabit stagnant 
pools n wl ch f esh water shells, particularly Lymnea and 
Palud t d a e found, there is a small worm, 
kt o t to la I alists under the name of Cer- 
caria, (tig. 137.) When examined with 
a lens, it looks much like a tadpole, with a 
long tail, a triangular head, and a large 
sucker (a) in the middle of the body. Va- 
rious viscera appear within, and, among 
others, a very distinct forked cord, (c,) 
which embraces the sucker, and which is 
thought to be the liver. 

339, If wo watch these worms, which 

always abound in company with the shells 

B find them after a while attaching themselves, 

s of Ibeir sucker, to the tiodiesof the moUuaks. Whea 




Fig. 137, 
mentioned, wi 



oynr 
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fixed, they soon undergo considerable alteration. The tfiil, 
which was previously employed for locomotion, is now use- 
less, falls off, and ihe aaimal surrounds itself with a diucous 
substance, in which it remains nearly motionless, 
like the caterpillar on its transformation into the bD^ 
Pupa. If, however, after some time, we remove rjn 
the iiltle animal from its retreat, we find it to he / // ( 
no longer a Cercaria, but an intestinal worm, I Q j 
called Distoma, having the shape of Fig, 138, \@] 
with wo suckers. The Distoma, therefore, is V^/ 
only a particular state of the Cercaria, or, rather, ^''S- '^^^ 
the Cercaria is only the larva of the Distoma, 

340. What now ia the origin of the Cercaria ? The fol 
lowing are the results of the latest researches on this point. 
At certain periods of the year, we find in the viscera of ihe 
L e (one of he os common fresh-water moUusks) a 
quan J of I le vo ns of an elongated form, 

la ell m ked head and two posterio 
^ ojec o s 1 1 e I mhs (F g 139.) On examin 

g hese o ns a e ely, under the micro 
Bcop ve d sc e la he cavity of thei 
lody sfillel bv a ass of other little worm; 

I ch a p c bed eve eisily recognizes as Fig. 139. 
young Ceicaiise, the tail and the characteristic 
furcated organ (a) within it being distinctly visible, (Fig. 
140.) These little embryos 

the worm which contains 

them, and which seemingly 

has no other office than to 

protect and forward the dc- Fig. 140. 

velopment of the young 
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341 Wheti ihej ![a\e reache] a ceiliJH size the ifung 
(eicuB lea e the bodj of tie nurse and move freelj in 
the ah lo n na civ ty of the moliuska or escape from it mto 
the watei to fi\ themsehes m their turn, to the bod) of 
another inollusk and begin thtir transform ilion=i anew 

342 But this IS not the end of the seiies The nurses of 
the Cereal a are themselies the offspi ng of hllle 
woims of jel another kind At ceitan seisons, 
we find in the iiscpra of the Limner, worms 
somewhat like the nur^ves of Cercaiia in shape, 
(F% 111 ) but rather longer more slender, and 
hav ng a much moie elongated stomach, (s ) 
n ese ■"orms coni'* n, m the hinder part of the 
body little enhuOB, (a) whifh aie the young 
nursp-f Ike Fig lies 139 140 Ihis geneiation 

"* "' has rece ved the name ot grand nurses 

343 '^uppo'jn^ title giand muses to be the immediate 
oiTspr ng of the Disloma (F g 139,) as & pi ib ible, we have 
thus a qua:]] iple seiies of generilion Four generations 
and one metamnrphosis are required to evolve the perfect 
aninnl , in other woids, the parent find? no lesemblance to 
hnnself in any of his progeny, until he comes down to the 
gieat grandson 

344 Among the Aph des, or phnt lice, the numhei of 
generations is sill ^leatei The first generition whch is 
produced fiom egg= soon nde goes mtlamoiphose';, and 
th(n g ves birth to i second genefdition winch is followed by 
a third, ^nd so on ■so thit it is sometimes the eighth or 
ninth generation hetoie the perfect animah appear as males 
and females, tlio stxe= being then for the first time dist net, 
and the males provided with wings The females lay eggs, 
which are hatched the folluwing year, to repeat the same 
siccesaon Each generation is an additional step towards 
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Dt lOi^omplele animal, we cannot bettei e\plain tlieir office, 
I'lan by con^ideimg them analogous to the iarviC of tlio 

345 The deielopment of the Medusce is not less instruc- 
tive Aecoiilni}; to the ohsenalons of Sai'i, a Norwegian 
naturalist, the Medusa bimgs forth hving yuung, which, 
ofler having buf>!t the covering of the egg, snim about 
fieely foi some time in llie Ijodv of the mother When 
horn, tiiese animals have no lesemblance whatever to the 
perfi ct Mecusa They are httle cylinducal bodies, (Fig. 

142, «,) much resembhng infuaoiia, and, hke them, covered 
With mitiute cilia, by means of which they swim with much 
activity 

346 After swimmioii about freely in the water for some 
dajs, the little oiiimul h\es itself by one e\ticmity, (Fig. 

143, e ) At the opposite extieraity a depiession is gradu- 

• Theie la a certain analogy between ttie larvEe of the plint-lousa 
(Aphis) and the neuters or working 3nis and bees This analogy baa 

theot), which ID not without interest The end and aim of all alternate 
generation, it is said ia to favor the development of the species in its 
piogress towards the perfect state Among the plant lice, as among all 
the nur-ea, this end :s accomplished by means ol the budy of the nurse. 
Now a "imilar end is acoomphobed bj the working ants and bees, only, 
instead of being performed as an organic function, it is turned into an 
outward activity, which makes them inBtinotively watch over thenewgen- 

but its own instincts, which become the instrument ot the development. 
This seems to receive confirmation from the fact that the working bees, 
like the plant-lice, are barren females. The attributes of their sen, in 
both, seem to oonRist only in their aolieitude for the welfeve of the new 
generation, of which they are the natural guardians, but not the parents. 
The task of brining forth young is confided to other individuals, o the 
4ueon among the bees, and to the female of the last generation among 
the plant-lice. Thus the barrenness of the working bees, which seems 
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Infosona, passes in succession through all the phases wci 
have de-cnbed But ihe reniaikable poLot m ineae meti- 
moijJiioses is, lliat whit was at first a single indiuduai is 
thus Iran&formed, by transvei&e dviaion, into a number of 
eiitiruly distinct animals, which is nat the cjse lu oidinaiy 
metamorphosea Moreovei, the upper segment does not 
follow tliP others m their deielopmenl Its oftice seems to 
be accomplished so soon as the other segments begin to be 
indeptndent, being intended merely to favor their develop 
nieiil, by securing and piepanng the substances necessaiy 
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r growth 
the Ceicaria 

318 The H\diod Poljps prc^nni phenjmcna no lesa 
numerous xnd stun^e IheCimpiinu im his i hi inching, 
|ilanl likL form with httle cup ahaped ctlh on iht cnoa and n 
the axiis of tho branches, each of which contains a little 
aninidi These cups ha^t, not all the same 
oririiizaton rhoho it the externum of 
tho branche*!, (« ) and wl ich appear first, 
arp furnished with long tentacles, where- 
nilh they ae zt their food, (Fig 143) 
Those in the axils of the hnnches, and 
which appear late arc femiles, (b) and 
ha\e no such tentacles In'iide of the lit- 
lei, little spherical bodies aio found, each 
having several spots m the middle, these 
ae the eggs Fmlly, ihcte is i third 
foim, diffe ent fiom the ttto pieced ng, 
produced by budding fion the female pol^p I 
some sort belongs (c ) It is 
ri".e, atlei hiving remained s 
Their office seems to be to co 
alwa)S within them thit tie e; 




awhch It in 
vi ithin th s that the e^gs ar 
ome time withm the female 
mplete the incubation, foi it la 
rga are hitched 
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. re"emDlnii e o the adult polyp A', iti the >( ang 
Medu'ia, the body is cvhndncil, coined vntli 
dehcato cdia. After hav ng remiined tree for 
some time, the loung aniinil fixes itscK and as- 
sumes a flattPdcd foim By dogfee&, a little «ihl11. 
ing rises from the centre, which elongiites, and at 
last foims a "talk This ■stalk ramifiLS, and we 
Tig 144 suon recognize m it the animal of figuie 140, 
wilh the three kmds of buds, which we may 
consider as three distinct forms of the same inimal 

350 The development of C imp inula ri a presents, m 
some lespects, an anilogj to what take* place in the le- 
production of plants, and eapecially of trees They should 
he considered as groups of individuals, and not as single 
individuals The seed, which corresponds to the embiyo 
of the Hydioid, puts forth a little stalk This stalk soon 
lamifieB by gemmiparous reproduction, that is, bj throwing 
out buds which become branches But ovulation, or repro- 
duction by meana of seeds, does not lake place until an ad- 
vanced penod,and lequires that the tree should haveattained 
a considerable growth It then produces lioweis with pistila 
and stamens, that i*. male" and females, which are com- 
monly united in one floHer, but which in some insianceb no 
separated, as in the hickories, the elders, the willows, &c * 

• Several plants are endowed wilh organs similar to (he third form of 
bixds.as seen in the Campanulajia ; for example, the liverwort, {Maic/um- 
till, polymorpha,) which has at the base of the cup a little receptacle, from 
Uie bottom of which little disk-like bodies are constantly forming, which, 
when detached, send out roots, and gradually become complete individu- 
al9. Besides tha.t, we find in these animals, as in plants, the important 
peculiarity, that all the individuals are united in a common Imnk, which 
is atUched to the sail ; and that all are intimately dependent an each 
other, as long as they remain united. And it we compare, in this point 
of view, the various species in which alternate reproduction has been 
observed, we find that the progress displayed in each type consists pre- 
cisely in the increasing freedom of the individual in its yniious foims. At 
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SECTION m. 

COKSEliTENCES OF ALTESBATE GEKEKAIION. 

351. These various examples of alternate generation ren- 
der it evident, that this phenomenon ought not to be consid- 
ered as ao anomaly io Nalitre ; but as the special plan of de- 
velopment, leading those animals in which it occm's to the 
highest degree of perfection of which they are susceptible. 
Moreover, it has been noticed among all types of inverte- 
brate! animals ; while among the Vertebrates It is as yet 
unknown. It would seem that individual life in the lower 
animals is not defined within so precise limits as in the 
higher types; owing, perhaps, lo the greater uniformity and 
independence of their constituent elements, the cells, and 
that, instead of passing at o 
tho phases of their developm 
they must either be born in 
alternate generation, or unde 
a sort of second birth. 

352. Many analogies maybe discovered between alternate 
reproduction and metamorphosis. They are parallel lines 
that lead to the same end, namely, the development of the 
species. Nor is it rare to see them coexisting in the same 

first, we hive all the geneiatrons united in a eomraon trunli, as in the 
lower Pulyps and in pbnts; then in the McdusK and in some of the 
Hydroid PoSypa the third generation begins to disengage itself. Among 
some of the intestinal worms, (the Distoma,) the third generation is 
enclosed within its nurse, and this, in its turn, is contained in the hod; 
of the grand-nurse, while the complete Distoma, lives as a parasitic norm 



ide as it wei 


re, through all 


1 order to i 


iccomplish it, 


form, as in 


I the case of 


letamorpho! 


ies, which are 



i.Google 



168 BEPHOBUCTION. 

animal. Thus, in the C 

duced from a mirse a D 

by undergoing a regu m 

353. In eacl new g m 
phosis, a real progres m m 

is more perfec than p T 

duces ihe Ce car asm 
chrysalis is i fe or o fl 

354. But Ihere is d ff 
metanaorphoses of the ca 

that, in the former cas sara 

all the phases of de\ 

individual disappears 

carries out what its pr 

a correct idea of this 

instead of being itsel ra 

having lirst brought f g 

should, in the same way, pioduce young bu tie i flies. Id 

either case, tile young would still belong to the same spfcies, 

hut the cycle of development, instead of being accomplished 

in a single individual, would involve two or more acts of 



355. It foUows, therefore, that the general practice of de- 
riving the character of a species from the sexual forms alone, 
namely, iho male and the female. Is not applicable to nil 
classes of animals ; since there are large numbers whose 
various phases are represented by distinct individuals, en- 
dowed with peculiarities of their own. Thus, while in the 
slag the species is represented by two individuals only, stag 
and bind, the Medusa, on the other hand, is reprcienied 
under the form of three different types of animals , the first 
is free, like the Tnfusoriu, the second is fixed on a stalk, like 
a polyp, and the third again is free, ronsiiting in its turn 
of male and female. In llie Distoma, al-o, there are four 
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separate individaals, the grand-mirse, ihe nurss, the larva or 
Cercaria, and tliR Distoma, ia which the sexes are not scpa- 
rale. Among the Aphides, the number ia much greater 

still 

356. The study of alternate genefution, besides making 
lis betler acquainted with the organization of the lower ani- 
mals, greaily simplifies our nomenclature. Thus, in futui-e, 
ins'ead of enumerating the Distoma and the Cercaria, or the 
Strobilu, the Ephyra, and the Medusa, as distinct animals, 
belonging to different classes and families, only the name 
fi.rsl given to one of these forms will be retained, and thfi 
rest be struck from the pages of Zoology, as representing 
only the transitory phases of the same species. 

357. Alternate generation always presupposes several 
modes of repi^oduction, of which ihe primary is invariably 
by ovulation. Thus, we have seen that the Polyps, the 
Medusa, the Salpa, &c., produce eggs, which are genemlH" 
hatched within the mother. The subsequent generation, on 
the contrary, is produced in a different maaner, as we have 
shown in the preceding paragraphs ; as among the Medusfe, 
by transverse division; among the Polyps and SalpfB, by 
buds, &c. 

35S. The subsequent generations are, moreover, not to be 
regarded in the same light as those which first spring directly 
from eggs. In fact, they are rather phases of development, 
than generations properly so called ; they are either without 
sex, or females whose sex is imperfectly developed. The 
nurses of the Distoma, the Wedu^a, and the Campanularia, 
are barren, and have none of the attiibutes of matermly, 
rscept that of watching over the development of the species, 
being themselves incapable of priducing young, 

359. Another important result fbllovvs from the above oh- 
BervHtions, namely, that the differences between animals 
which are produced by alternate generation arc less, the 
15 
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earlier the epoch at which we examine them. No .a\> nni 
mals can be more unlike ihan aa aduh Medusa (Fig. 31) 
and an aduh Campanularia, (Fig. 143 ;) they even seem to 
belong lo different olasses of the Animal Kingdom, the for- 
mer being considered as an Acaleph, the latter a^ a Polyp. 
On the otliei' hand, if we compare them when firs' hatched 
from the e-gg, they appear so mucli alike iliat it is with the 
greatest difRcitlty they cim be distinguished. They aro 
then little Infusoria, without any very distinct shape, and 
moving with the greatest freedom. The larvte of certain 
intestinal worms, though they belong to a different depart- 
ment, have nearly the same form, at one period of their life. 
Farther still, this resemblance extends to plants. The 
spores of certain sea-weeds have nearly the same appear- 
ance as the young Polyp, or the young Medusa ; and what 
is yet more remarkable, they are also furnished with cilia, 
and move about in a similar manner. But this is only a 
transient state. Like the young Campanularia and the young 
Medusa, the spore of the sea-weed is free for only a short 
time ; soon it becomes fixed, and from that moment the 
resemblance ceases. 

360. Are we to conclude, then, from this resemblance of 
the different types of animals at the outset of hfe, that there 
is no real difference between them; or that the two King 
doms, the Animal and the Vegetable, actually blend, bu- 
cnose their germs are similar.' On the contrary, we thinlf 
nothing is better calculated to strtngthen the idea of thn 
original separation of the various groups, as distinct and 
independent typos, than the study of their different phases. 
In fad, a difference so wide as that between the adult 
Medusa and the adult Campanularia must have existed even 
in the young; only it does not show itself in a manner 
appreciable by our senses; the character by which they 
subsequently differ so much being not yft developed To 
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i^iioy the reality of natural groups, because of these early 
resemblances, would be to take the semblance for the 
reality. It would be the same as saying that the frog and 
the fish are one, because at one stage of embryonic life it if 
impossible, with the means at our command, to distinguish 



3G1. The account we have nhovo given of the develop- 
iner.l, the metamorphoses, and the alternate reproduction of 
the lower animals, is sufficient to undermine the old theory 
of SponiaTteous Generation-, which was proposed to account 
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animals, especially of fishes, they 
are numerous in the eve of the common fio^b wifr perch 
of Europe. To the mked pjp th^v sf pm Id e htile white 
spots, (Fig. 145;) but«hen magnified thc^ hue the form 
of Pig. 146. 

363. As lo the larger inlesmd worms found in other 
animals, the mystery of their origin has been entirely solved 
by recent researches. A single inst-ince ivill illustrate their 
history. At certain periods of the j \.-vc the Sculpins of thr. 
Ualtic are infested by a particular species oi Tasnia or tape- 
worm, from which ihey are free at other seasons. Mr. Esch- 
richt found that, at certain seasons, the worms lose a grat 
portion of the long chain of rings of which they are com- 
posed. On a careful examination, he found that each ring 
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contiined SP\eiaI hunliel ep^i \\h h on le ng frctl fiom 
their eii\elop, floit m the w iter \s these pgga are innu 
nierable, it is not aslooishing thdt the Sculpiiis should oeca 
Siomlh swallow "ome of them with their prey The eggs, 
being thi s lotiotiuced into the stomach of the fish, find con 
d lions favorable to the r development , and thus the spec es 
IS piopagiited, and at the same time transmitted fiom one 
gpaeration of the fish to another The eggs which are not 
swallowed arc probiblj lost 

30J All an rails swallow, in the same manner, wiili Iheif 
food and n the water they dunk, numerous egi^s of sueh 
parasites, any one of which, finding in the intestine of the 
an mil favorable conditions, mav be hatched It vs pjobible 
that each animal affoids the proper conditions for some par 
ticular spec ea of worm , and thus we maj explain how it is 
that most animalo haie parasites peoiilnr to themselves 

364 As respects the Infusoria, we also know that most 
of them, the Rtitifera especiallj !a\ egga These eggs, 
which are ext emelj minute, (some of them only y^atrn *>'" 
an inch in dnmeter ) are scattered e\trj mheie in gicat 
piofision, in walei n the air, iq mist and even in snow 
Assiduous ohseners have not only seen the eggs laid but 
moreover, have followed their development, and have seen 
the young animtl forming in the egg, then escaping from it, 
mcieasmg in size, and, in its turn laying egg? They ha\e 
been ablp, in some instincea, to follow them c\ en to the fifth 
and sixth generation. 

365. This being the case, it is much more natural to 
suppose that the Infusoria * are products of like germs, than 



:., Google 



173 

to assign to tlicm a spontaneous origin aliogcther incompati' 
ble iviih what we know of organic dcvelopineiit. Their 
rnpid appearance is not at all astonishing, when we reflect 
that some mushrooms attain a consitlerahle size in a few 
hours, but yet pass through all the phases of regular growth ; 
and, iniieed, since we have ascertained the diiTercit moiles of 
gencraM'on among the lower animals, no sulistantial dilTiciil- 
ties to the ax'om '■'■ omne vivum 2X ovo," (275,) any lonfttr 
exist. 

IB* 
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CHAPTER TWELFTH. 

METAMORP lOSBS OF ANIMALS. 

366. Undeu the name of metamorphoses are included 
those changes which the bwly of an animal undprgoes after 
its birth, and which are modifications, in various degrees, of 
its organization, form, and iK mode of hfe. Such changes 
sre not peculiar to certain classes, as has been so long sup- 
posed, but arc common to all animals, without exception. 

367. Vegetables also undergo metamorphoses, hut with 
this essential difference, that in vegetables ihe piocess con- 
sisfs in an addition of new ports to the old ones. A succession 
of leases, differmg fiom those which preceded them, comes 
on each season, new branches and roots aie added to the 
old stem, and woody la\er! to the liunk In animals, the 
whole body is transfoimed, m such a manner ihit ^11 the 
existing parts contribute 1o the foimntion of the modihed 
body. The chnsuhi becomes a bulteifl^ , the fiog, after 
having been heibivorous during its ladpule state, becomes 
carnivoif us, and its stomich I'f adapted to thia nf« mode of 
life; at the same tmif, instead of breaihmg by gills, it be- 
comes an aii-breathing animal , lis tail and the gills disap- 
pear; lungs and legs are being developed, and, fuully it is 

3C8 The nature, the duration, and importance of meta- 
morphoses, as also the epoch at which ihey take place, are 
infinitely varied. The most striking changes which naturally 
present themsfclvcs to the mind when we speak of metamor- 
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phoses, are ihose occufring in insects. Not merely is there 
a change of physiognomy and form observable, or an organ 
more or less formed, but their whole organization is modifieil. 
The animal enters into new relations with the externiil worlJ, 
while, nt the same time, new instincts are imparted to it. Et 
has lived in water, and respired by gills; it is now furnished 
with air-tubes, and breathes in the atmosphere, it passes by, 
with inditference, objects which before were attractive, and 
its new instincts prompt it lo seek conditions which would 
have been most pernicious during its former period of life. 
All these changes are brought about without destroying the 
individuality of the animal. The mosquito, which to-day 
haunts us with its shrill trumpet, and pierces us for our 
blood, is the same animal that, a few days ago, lived obscure 
and unregarded in stagnant water, under the guise of a little 

369. Every one is familiar with the metamorphoses of the 
silk-worm. On escaping from the egg, the little worm or 
saterpillar grows with great rapidity for twenty days, when 
■t ceases to feed, spins its silken cocoon, casts its skin, and 
remains enclosed in its chrysalis state.* During this period 
of its existence, most extraordinary changes take place. The 
jaws with which it masticated mulberry leaves are trans- 
formed into ft coiled tongue ; the spinning organs are reduced; 
the gullet is lengthened and more slender ; the stomach, 
which was nearly as long us the body, is now coniraeted into 
a short bag; the intestine, on the contrary, becomes elon- 
gated and narrow. The dorsal vessel is shortened. The 
ganglions of the thoracic region approach each otlier, and 
unite into a single mass. AniennEe and palpi are developed on 
Ihe head, and instead of simple eyes appear compound ones. 
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The muscles, «liich before were aniformly distributecl,(I59,J 
are now gatlipied into masses. The limbs are elongated, 
Qiid wings spring forth from the thorax. More active motions 
then reappear m Che digestive organi, and the animal, burst- 
ing the envelop of its chrjsahs, issues id the form of a winged 

370 The different external foimi which an insect may 
assume is well ilUistrated by one which is unfortunately too 
well known in this country, namely, the canker-worm. lis 
eggs arc laid on posts and fences, or upon the branches of our 
apple-trees, elms, and other trees. They are hatched about 
ihe lime the tender loaves of these trees begin to nnfold. 



f t 



Fig. 147. 
The calerpillar (n) feeds on the leaves, and attains its full 
growth It the end of about four weeks, being then not qviite. 
an inch m length It then descends to the ground, and en- 
ters ihf earth to thi <lt pth of four oi five inches, and having 
excavated a loil ot tell is si on changed into a chrysalis or 
.ivinph (b) At the usml time in the spiing, it bursts the 
sKin, and ippeirs in itb perfect slate, under the form of a 
jnoth, {d ) In thi« species, however, only the male has 

.vings. The perfect insects soon pair, the female (c) crawls 
^ip a tree, and, huving deposited her eggs, dies. 

311. Trans formmions no less remarkable are observed 
utnong the Cruslaoen. The metamorphoses in the family of 

^irrhipedes are especially striking. It is now known that 

he barnacles, \Balaou.s,) which have been arranged among 
.he mollusks, are truly crustaceans ; and this result of modern 

lesearches lias been deduced in the clearest manner from the 
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study of iheii- transformations. The following figures repre- 
Eont ihe diflcrcnt phases of the duck-barnacle, (Aiiatifa.) 




372. The Anaiifa, like all Crustacea, is reproduced by 
eggs, specimens of which, magnified ninety diameters, are 
represented in figure 148, a. From these eggs little ani- 
mals issue, which have not the slightest resemblance to the 
narent. They have an elongated form, (6,} a pair of ten- 
acies, and four legs, with which they swim freely in the 

373. Their freedom, however, is of but short duration. 
The little animal soon attaches itself by means of its tenta- 
cles, having previously become covered with a transparent 
shell, through which the outlines of the body and also a very 
distinct eye, are ly 1 1 d (F g 148 ) Tg 
148, d, shows Ih Ik f h 11 I pi ly 
seen that the ant p I b 1 hi 
larged. Subsequ ly h h II b m pi 1 ! 
the animal casts k 1 lb! I 
tentacles. On th h I d h k mb 1 h 
interior of ihe sh H 1 h f 1 d f is 

(e,) by means of h h h m 1 fi self rs d 

Iwdirs, aflr-r the If 1 Tl I 11 
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as il is represented in figure 148,/, attached to l piece of 
(loaling wood. 



#«•«' 



Fig. 149. 

376, If the eggs are examined by the microscope, each 
one is found to contain a smail, pear-shaped body, which 
is the embryo, (e,) surrounded by a transparent envelop. 
On escaping from the egg, the little animal has an oblong 
fi)im, wilh a constriction at the base. This constriclion 
becoming deeper and deeper forms a pedicle, {p,) which 
soon divides into three lobes. The disk also assumes a pen- 
tagonal form, with five double series of vesicle?. The first 
rudiments of the rays are seen to form in the Interior of the 
pentagon. At the same time, the peduncle contracts still 
more, being at last entirely absorbed into the cavity of the 
body, and the animal soon acquires its final form, (m.) 
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078 T! e e amo phoses of mollusks tht igh less 
fi Ing a-eno leas hv of otcG Thus thoo^stei, 

w th vh ch we are fam I ir n ta odi enng si ell, s fiee 
wlen JO ng Ike tie clam (Mja) and rnoal other shell 
f hes O her= wl ch are at f aliached oj suspended to 
the gills of the mother, afterwards become tree as the Utiio 
Some naked Gasteropoda, the Acleon or the Eolis foi ex 
ample, are born with a shell, which they part with shoitly 
alter leaving the egg. 

379. The study of metamorphoses is iherefoie, of t!io 
utmost importance for underslanding the leal affin lies o( 
animals very difTerent in appearance as is leadily shown by 
the following instances. The bulteifiy and the earth «oini 
seem, at the first glance, to have no relation whatever 
They differ in their organization, no Ie=s than in then out 
ward appearance. But, on compaiing the citerpill ir ^llJ 
the worm, these two animals closely resemble each ohtr 
The analogy, however, is only tr insieni it 1 \=iis ( nly 
during the larva state of the calerfillai ^nd s fti f I is n 
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3 chrysalis and btitierdy slates. Tlie latter be- 
)re and more perfect animal, whilst the worm 
a inferior state. 
380. Similar instances are furnished by animals belong- 
ing to all the types of the Animal Kingdom. Who would 
ibink, at first glance, that a Barnacle or an Anatifa were 
more nearly allied to the crab than to the oyster I And, 
nevertheless, we have seen, (372,) in tracing l)ack llie Anat- 
ifa to its early stages, that it then bears a near resemblance 
to a little Crustacean, (Fig. 148, d.) It is only when full 
grown that it anuumes its pecnliar mollusk-like covering 
381 An h C ! fi 1 h a al ho 
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382. Among the EadjatT the Penlacrmus and the Comat- 
iila exemplify the same po nt The two are very different 
when full grown, the latter being a free-swimming star-fish, 
(Fig, 151,) while the foimer is attached to the soil, like a 
Polyp, But we have seen (377) that the same is the case 
with Comaiula in its eiilv peiiod ; and that, in consequence 
of a further meiamoipliosis, it becomes disengaged from it* 
stem, and floats freely in the water. 

383. In the type of Vertebrates, the considerations drawn 
from metamorphoses acquire still greater importance in ref- 
erence to classification. The Sturgeon and the White-fish, 
before mentioned, (306,) are two very difierent fishes ; yet, 
taking into consideration their PKiernal form and bearing 
merely, it might be questioned which of the two should 
'ake the highest rank ; whereas the doubt is very auiiily 
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resolved by an etamialoi of li c r anato l. I s uc c 
The White-fish h s i si ele on and i oreover a e b I 
column, composed of frm bone Ti e Slurgeo (Fgl5 ) 



Fig. 132. 
on tlie contrary, has no bone in the vertebral column, except 
the spines or apophyses of the verlcbrK. The inidcile purl, 
or body of the vertebra, is cartilaginous ; the mouth is trans- 
verse, and underneath the head ; and the caudal fin is un- 
eqviiilly forkfid, while in the White-fish it is equally forlted, 

384. If, however, we observe the young White-fish just 
after it has issued from ihe egg, (Fig. 123,) the contrast will 
be less striking. At this period the vertebi-B are cartilagi- 
nous, like those of the Sturgeon ; its mouth, also, is trans- 
verse and inferior, and lis tail undivided ; at that period the 
White-fish and the Sturgeon are, therefore, much more alike. 
But this similarity is only transient ; as the While-fish grows, 
its vertebrEB become ossified, and its resemblance to the 
Slui^eon is comparatively slight. As the Sturgeon has no 
&uch transformation of the vertebrte, and is, in some sense, 
arrested in its development, while the White-fish undergoes 
subsequent transformation, we conclude that, compared with 
the White-fish, it is really inferior in rank. 

385. This relative inferiority and superiority strikes us 
still more when we compare with our most perfect fishns 
(the Salmon, the Cod) some of those worm-like animals, so 
difTerent from ordinary fishe.s that they were formerly pliiced 
among the worms. The Am- 
phioxus, represented of its nat- 
ural sJKe, (Fig. 153,) not only 
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has no bony skeleion, but not even a head, puperiy spi^ak 
ing. Yet the fauf that it possesses a dorsal cci'd, extending 
from one extremity of the body to the other, proves that it 
belongs to the type of Vertebrates. But as Ibis peculiar 
structure is found only at a very early period of embryonic 
d I pm t ■ th fi I I d th t 1 A pi ■ 
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!S of transformations; the young ani- 
:g differing at each period of its de- 
it was before. But because these 
transformations precede birth, and are, therefore, not genemlly 
observed, they are not less important. To be satisfied that 
these transformations are in every respect similar lo thosa 
which follow birth, we hove only to compare the changes 
which immediately precede birth with those which immediate- 
ly follow it, and we shall readily perceive that the latter are 
simply a continuation of the former, till all are completed. 
■AF8. Let cs recur to the development of fishes for Una 
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Iratioii. The young White-fish, as we have seen, (315,) is 
far from having acquired ila complete development when 
born. The vertical fina are not yet separate ; the mouth haa 
not yet its proper position ; the yoik hus not yet retreated 
within the cavity of the body, but hangs below the chest in 
the form of a large biig. Much, therefore, remains to be 
changed before its development is complete. But the fact 
tliat it has been bom does not prevent its future evolution, 
which goes on without interruption. 

389. Similar inferences may be drawn from the develop- 
nicnl of the chiclien. The only difference is, that the young 
chicken Is boro in a more mature state, the most important 
transformations having taken place during the embryonic 
period, while those to ho undergone after birth are less con- 
siderable, though they complete the process begun in the 
embryo. Thus we see it, shortly after birth, completely 
changing its covering, and clothed with feathers instead of 
d II I ts pp d purs begin to be 

d I p d 

390 1 M m 1 1, der the name of 

M r= p 1 ( h Op m d K ) he link between 
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the life of the individual Now as hfe does not 
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393. It IS only by connecting the two kinds ol transforma- 
tions, namely, those which take place before, and those after 
birth, that we are furnished wiih the means of ascertaining 
the relative perfection of an animal ; in other words these 
transformations become, under such ciremistanres a nafura, 
key tO'tbe gradation of types. At the same time ihey will 
force upon us the conviction that there is an nimutable prin- 
ciple presiditig over all these changes, and reguliting tl em 
in a peculiar manner in each animal. 

394. These considerations are exceedingly important, not 
only from iheir hearing upon classification, but not less so 1:: ui 
ihe application which may be made of them to the study ot' 
fossils. If we examine attentively the fishes that have been 
found in the different stmla of the earth, we remark thai 
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ihdse of the most ancient deposits have, in general, prescrvRiJ 
only ',he apophyses of iheir vertebra, whilst the vericbrse 
then jelves are wanting. Were the Stiirp;eons of the Amer- 
ican rivers to become petrified, they would be found in n 
similar slate of preservalioti. As the apophyses are the 
ooly bony portions of the vertebral column, they aiotie 
would be preserved. Indeed, Ibssil Sturgeons are known, 
which are in precisely this condition. 

395. From the fact above slated, we may conclude that 
the oldest fossil fishes did not pass through all the metamor- 
phoses which our osseous fishes undergo ; and, consequently, 
that they were inferior to analogous species of the present 
ejioch which have bony vertebrEB. Similar considerations 
apply to the fossil Crustacea and to the fossil Echinoderms, 
when compared with living ones, and wdl, probably, be 
liue of atl classes of the Animal Kingdom, when fully studied 
as to th^ir geological succession. 
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CHAPTER THIRTEENTH. 

geoghaphical distribution of animals. 

section i. 



396 No animal, excepting man, inhabits eieiy part of llie 
eurfacf of the e^lth Fach great geogiaphicnl or climatal 
region IS occupied bj some species not found elsewhere, 
anJ each aoimil dwells within ceriiin limits, bejond which 
t does not range while left to its natural fieedom, and within 
which It always intl nes to leturn, when removed by acci- 
dent or design Man ilone is a cosmopolite His domain is 
lh« whole eaith Foi him, and with a view to him, it was 
created. His light to it is based upon his orginization and 
his relation to Nature, and is maintained b^ Ins intelligence 
and the perfeotibilily of his social condition 

397. A group of animals which inhabits anj particuHr 

region, embracing all the species, both aquatic and terrestrial, 

is called ils Fauna ; in the same manner as the plants of a 

country are called its Flora. To be entitled to this name, it 

ss y h h m m 

p d be d g ill n 
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unimals, (401, 402.) Hence the faunas of the two hemis- 
pheres have been distributed into three principal divisions, 
namely, the arctic, the temperate, and the tropical faunas; 
in the same manner as we have arctic, temperafe, and tropi- 
cal floras. Hence, also, animals dwelling at high elevations 
upon mountains, where the temperature is much reduced, 
resemble the animals of colder latitudes, rather than those of 
(he surrounding plains. 

399, In some respects, the peculiarities of the fauna of a 
region depend upon its flora, at least so far as land animals 
are concerned ; for herbivorous animals will exist only 
where there is an adequate supply of vegetable food. But 
taking the terrestrial and aquatic animals together, the limi- 
tation of a fauna is less intimately dependent on climaie 
than (hat of a flora. Plants, in truth, are for the most pari 
terrestrial, (marine plants being relatively very few,) wh-le 
animals are cbiefiy aquatic. The ocean is the true home of 
the Animal Kingdom; and while plants, with the excep 
tion of the lichens and mosses, become dwarfed, or perish 
under the influtnce of severe cold, the sea teems with 
animals of all classes, far boyond the extreme limit of flower- 
ing plants. 
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400. The rafluence of climate, in tlie colder regions, nets 
merely to induce a greater uniformily in the species of 
animals. Thus ihe some animals inhabit the Dorihern polar 
regions of the three continents. The polar bear is the same 
in Europe, Asia, and Annerica, and so are also a great many 
birds. In t.ie temperate regions, on the contrary, the 
species differ on each of the continents, but they still pre- 
Berve tlie same general features. The types are the same, 
but they are represented by quite different species. In 
consequence of these general resemblances, the first colo- 
DLSts of New England erroneously applied the names of 
European species to American animals. Similar differences 
are observed in distant regions of the same continent, within 
the same parallels of latitude. The animals of Oregon and 
of California are not the same as those of New England. 
The diSerence, in certain respects, is even greater than 
between the animals of New England and Europe. In like 
manner the animals of temperate \sia diffei' more from those 

E A 



same time the contnst between the animals of different con- 
tinen s s n o e ma 1 ed and in many respects, the animals 
of 1 e d fFe en op cal faunas differ not less from each other 
iha f ora ho e of he e perale or frozen zones. Thus, 
the f na of B az I a s as much from that of Central 
Afr ca as f on I a of I e U Ited States. 

4no Tl 3 1 rs p different continents cannot de- 
■jej d pl n fl ii' the climate of the tropica 
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if it were so uniformity ouglit to be restored in proportion 
as we reced 3 from tlie tropics towards the antarctic lem- 
pcrale regions. But, instead of this, tlie diiTerences con- 
tinue to increase ; — so much so, that no faunas are more in 
contrast than those of Cape Horn, the Cape of Good Hope, 
and New Holland. Hence, other influences must be in oper- 
ation besides those of climate; — influences of a hii^bei 
orJer, which are involved in a general plan, and Intimately 
associated wilh the development of life oa l!ie surface of the 

403. Faunas ave more ov less distinctly limited, nccording 
lo the natural features of the earth's surface. Sometimes 
two faunas are separated by an extensive chain of moun- 
tains, like the Rocky Mountains. Again, a desert may in- 
tervene, like the desert of Sahara, which separates the fauna 
of Central Africa from thai of the Atlas and the Moorish 
coast, the latter being merely an appendage to the fauna 
of Europe. But the sea efTecls the most complete limita- 
tion. The depths of the ocean are quite as impassabie for 
marine species as high mountains are for terrestrial animals. 
It would be quite as difiicult for a fish or a mollusk to 
cross from the coast of Europe to the coast of America, as 
it would be for a reindeer to pass from the arctic to the 
antarctic regions, across the torrid zone. Experiments of 
dredging in very deep water have also taught us that the 
abyss of the ocean is nearly a desert. Not only aie no 
materials found there for sustenance, but it is doubtful if ani- 
mals could sustain the pressure of so great a column of 
water, although many of them are provided wilh a system of 
pores, (260,) which enables them to sustain a much greale,' 
pressure than terrestrial animals. 

404. When there is no great natural limit, the transition 
from one faima to another is made insensibly. Thus, in 
passing fron he arctic lo the temperate regions of Nortb 
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America, one species takes ths place of another, a third suc- 
ceeds the second, and so on, until finally the fauna is found 
to be completely changed, though it is not always possible) 
to mark the precise line which divides the one from the 

405. The range of species does not at all depend upon 
their powers of locomotion ; if it were so, animals which 
move slowly and with difficulty would have a narrow range, 
whilst those which are very active would be widely diffused. 
Precisely the reverse of this is actually the case. The com- 
mon oyster extends at least from the St. Lawrence to the 
Carolinas ; its range is consequently very great ; much more 
so than thai of some of the fleet animals, as, for instance, the 
Moose. It is even probable that the very inability of the 
oyster to travel really contributes to its diffusioQ, inasmuch 
as, having once spread over extensive grounds, there is no 
chance of its return to a former limitation, inasmuch as, being 
fixed, and consequently unable to choose positions for its 
eggs, they must be left to thf mercy of currents; while 
Fishes, by depositing Iheir eggs in the bays and inlets of the 
shore, undisturbed by currents and winds, secure them from 
too wide a dispersion. 

406. The nature of their food has an important bearing 
upon the grouping of animals, and upon the extent of tholr 
distribution. Carnivorous animals are generally less con- 
fined in their range than herbivorous ones; because their 
food ia almost every where to be found. The herbivora, on 
the contrary, are restricted to the more limited regions 
corresponding to the different zones of vegetation. Tlie 
same remark may be made with respect to Birds Birds of 
prey, such as the eagle an*" vultuie, ha^ea miich«idei range 
than the granivorous and galhnaceous buds Still, notwith- 
standing the facilities tley have foi chantje of place, e\en 
ihe birds tl 5t wander widest recognize hmLisi which they do 
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not overstep. The Condor of the Cordilleras does not do 
Bcend into the teinpsrate regions of the United States ; and yet 
it is not that he fears the cold, since he is frequently known 
lo ascend even above the highest summits of the Andes, and 
disopjjeara from view where the cold is most Intense. Nor 
can it be from lack of ptey, 

407. Again, the peculiar configuration of a country some- 
limes determines a peculiar grouping of animals, into what 
may be called local faunas. Such, for example, are the 
prairies of the West, the Pampas of South America, the 
Steppes of Asia, the Deserts of Africa; — and, for marine 
aii'mals, the basin of the Caspian. In all these localities, 
animals are met with which exist only there, and are not 
found except under those particular conditions. 

408. Filially, to obtain a true picture of the zoological 
distribution of animals, not the terrestrial types alone, but 
the marine species, must also be included. Notwithstanding 
the uniform nature of the watery element, the animals which 
dwell in it are not dispersed at random ; and though the 
limits of the marine may be less easily defined than those of 
the terrestrial faunas, still, marked differences between the 
onimals of great basins are not less observable. Properly 
to apprehend how marine animals may be distributed into 
local faunas, it must be remembered that their residence is 
not in tile high sea, but along the coasts of continents and 
on soundings. It is on the Banks of Newfound la Lid, and not 
in the deep sea, that the great cod-fishery is carried on ; and 
it is well known that when fishes migrate, they run along iho 
shores. The range of marine species being, therefore, con- 
fined to the vicinity of the shores, their distribution must be 
subjected to laws similar lo those which regulate the terres- 
trial faunas. As to the fresh-water fishes, not only do ihe 
species vary in the diifereiit zones, but even the different 
rivers of the same region have species peculiar to them, and 
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not found in neighboring streams. The garpikes (Lepi 
doRlens) of the American river? afford a striking example ol 
this kind. 

409. A very influential cause in the distribution of aquatic 
animals is the depth of the water; so that several zoological 
zones, receding from the shore, may be defined, according 
to the depth of water ; much in the same manner as we mark 
different zones at different elevations in ascending motm- 
lains, (398.) The Moltusks,and even the Fiahes found nenr 
the shore in shallow water, differ, in general, from those 
living at the depth of twenty or thirty feet, and these again 
nre found to be different from ihose which are met with at 
a grp^ler depth Their colormg, in paiticular, %ares, ac- 
cordmg to the quantity of light they receive, as his al-o 
been shown lo be the case with the maiine plints 

410 It IS sometimes the cise thiit one or moie am ink 
aio found nn a certain chain of mountains ind not eKe 
wl ere js for instance, the Mountain '^heep ( Oi is moTitaaa) 
upon the Eocky Mounti [is, or the Chamois ind the Ibex 
upon the \lps The same is also the case on some of the 
wde plains nr piaines T! s howe\er, docs not entitle 
such regions to be consdeied it ha.ving an independent 
fauna any mure than a lake is to be reg irded 15 having a 
peculiar fauna exclusne ot the an nials of llic surrounding 
country meiely because some ol the spec es found in the 
lake mav not a-wend the r vers empt3inK into it It is only 
when the whole gioop of animals inhabiting such a region 
his such pecuharitie"" as lo gne it a distinct character, when 
contrasted with animals found in surrounding regions, that 
It IS lo le regaided as a se; irate fauna Such for exam 
pie, IS the fauna of the great steppe oi ph a of Gobi, in 
Asii and such indeed (hit of the chain of the Rocky Moun 
lams may prt ve to be, w tien the animals inhabiting them shall 
be bo'ler known. 
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4U. The migration of animah n glit nt hr t -ipeii o pre 
s^nt a serious difEcully in determiring the character di the 
iitiiits of H fauna; but this difficulty ccasc-i, if we rtgnrd the 
counlry of an animal to be the place where it makea its 
habitual abode. As to B tit, which of all lumils wander 
farthest, It may be hid down as a r lie tint thf y belong 
to the zone in which ihe\ breed Thus the gulls many oi 
the duoka, mergansers and diners bdong to the boreal 
regions, though ihey pass a portion of the year with us. On 
the other hand, the swallows and martins, and many of the 
gallinaceous birds belong to the temperate faunas, notwith- 
slaodinff their migration during winter to the confines of the 
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413 Wp have stated ttiat all the Tauoas of the globe muj 
be divided into three groups, coi-res|>ondmg to as many great 
climatui tlniaions, namely, the glacial op arctic, the temperate 
Bod the tropical faunas. These three divisions appertain to 
both hemiipheres, as we recede from the equator towards the 
north or south poles. It will herenfter be shown that the 

lopical and temperate faunas may be again divided into 
jeveral zoological provinces, depending on longitude or oa 
the poculiir configuration of the continents. 

414 No continent is better calculated to give a correct 
idea of distribution into faunas, as determined by climate, 
thao the continent of America; extending as it does across 
both hemispheres, and embracing all latitudes, so that all 
climates are represented upon it, as shown by the chart on the 
following page 

415 L II ba k I 1 d wl h d 
1 bod f h p 1 1 h b rv 

1 I p h p pip 1 g 1 

1 f A Tl 1 f h b rv !1 b 

y 1 f 11 Al g ! f I d d 

IlddllBfliByl II h 

d f mp d 1 h f h m 1 

II Ifl pd llh fl 

1 f F p 1 11 be Ij h I 

h f L b d 

416 A h pp h N f dl d h 11 1 
1 d p d h 1 f som wh m 

dp Thddkd fjpl f 

Ibolg df hhh II fid 



:., Google 



■ 






1 








; 








I 












* V 

'^^ 






■- 






EaUAT< 


, 




m 


- 


9 


I, North Glacial or Arctic. 

II. Norlhern Temperate. 
m. NorthGiTi Wiirm. 
IV. Tropica!. 

V. Southern Warm. 
VI. Southern Temperate. 








7 


J 


mmr @f 2®@l®©i@&l 


mmmi 





i.Google 



variou m 1 


1 1 d 


11 Ij f 


H -e the tern- 


perate f 


m 


S 11 h b 


f pecies i3 not 


yet ve j d 


bl b 


h d 


b 'ard, along 


the CO f N 


S 


d N E I 


J h finds new 


specie grad 11 


d 


d hi h f h 


Ider regions 


dimm ! d 


! h 


1yd pp 


m few acci- 


dental p d 
winte f 


1 
1 


rs p d h 
C 1 


der, during 


417 B 


f h 


g p d h b 


d ries of the 


United S 


1, g h 


A 11 d 


pecially on 


the so 1 


1 


1 g h h f 


1 Crinoco and 


the A I 




11 11 b f 


biy struck with 


the OS h g 


f 


h m 1 wh h 


p pie the for- 


ests,ti p 

he will 1 d 

contin By 


h 


1 1 1 


est of which 
f I e northern 
r w forms, he 


h d h 


will b m 


bl 1 


h h 


1 main of the 


t,-opic 1 f 






418 L h 


11 


I b y d h 


q tor towards 


the t p f C 


P 


d h 11 g 


fi d the scene 


chang i 


h 


S h h 


Bts his rays 


more bl q ly 


d 1 


h 




more m k d 


Th 


II b 




palms II 1 


dsajp 


d X pi 




the a ml 11 


be 1 


d d h 




recall h m 




1 1 


d 


United S 


H il 


g fi dl m 


m ra 


regio d h 


1 11 


11 h 




tremi y f h 




! f d 


fl m 


more d 


P 


1 d 1 PI 


C H 


419 F lly 


k 


1 1 


d 


the g 1 P 1 


All 


1 h 


ry m 


feet notions respecting the animals of thi 




Btill. the few which have i 


already been obs 





i.Google 



BISTKIEUTION OF THE FAUNAS. 197 

B clo=e amIo^\ to those of ibc arclic region. It is anoil. ct 
glacial (ftuna, namely, the anlarctic. Having ihus sketched 
the general duLsions of the fiiunas, it remains to point out 
the princLpal features of each of them. 

420 1 ARLfic Fauna. — The predominant feature of the 
Arclic Fauna is its uniformity. The species are few in num- 
ber; but, on the other hati<i, the number of individuals is 
jmrnense. We need only refer !o the clouds of birds which 
hover upon the islands and shores of the North ; the shoals 
of fishes, the salmon among others, which throng the coasts 
of Greenland, Iceland, and Hudson's Bay. There is great 
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tiles are altogether wanting. The Ariiculala ai 
by numerous marine worms, and by minute c 
the orders Isopoda and Amphipoda. Insects are rare, and 
of inferior types. Of the type of Mollusks, there are 
Acephala, particularly Tunicata, fewer Gasteropoda, and 
vitry few Cephalopods. Among the Radiata are a great 
number of jelly-fishes, particularly the Beroe ; and to con. 
cinde with the Echinoderms, there are several siar-fishea 
and Echini, but few Hololhuiiai. The class of Polypi is 
very scanSily represented, and those producing stony corals 
are entirely wan'ng. 
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421. This assemblage of animals is evidently inferior IE 
ihat of other faunas, especially to those of the tropics, Not 
that there is a deficiency of animal life ; foi f the species 
are less numerous, there is a compensation m the multitude 
of individuals, ^nd, also, in this other very SLgnificant fuct, 
thai the largest of all animals, the whaler belong to this 

422. It has already been said, (400,) thai the arctic faun-* 
of the three continents is the same ; its southern iim t, how 
ever, is not a regular line. It does not coriesporid precisely 
with the polar circle, but rather to the isothLimil zero that 
is, the line where the average temperature of the year is at 
32° of Fahrenheit. The course of this line presents ncmer- 
oua undulations. In general, it may be said to coincide with 
the northern limit of trees, so that it tern f 
vegetation succeeds the vast arid plains, th b f N h 
America, or the tundras of the Samoyede Th n f m y 
of these plains invohes a corresponding f m f[l 
aod animals On the North American c d 
much farther southward on the eastern h h n I 
\iesti,rn Fiom the peninsula of Alasl k b cl h 
wards towards the Mackenzie, then desc d d 
the Bear Lake, and comes down nearly to I rth o h 
of Newfoundland. 

423. 11. Tmpeeate F.HJNAS. — The faunas of the tcm- 
peiate regions of the northern hemisphere are much more 
varied than that of the aicfic zone. IiiKiead of consisting 
mainly of aquatic tribes, we have a considerable number of 
terrestrial animals, of graceful form, animated appearance, 
nnd varied colors, tliough less brilliant than those found in 
tropical regions. Those parts of the country covered with 
forests especiallyswarm with insects, which become the food 
of other animals ; worms and terrestrial and (luviutile mol. 
lusks are also abun'Iant. 
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424. Still, the climate h not sufficiently warm over the 
whole extent of this zone to allow the trees to retain ilicir 
foliage throughout tJie year. At its norlherri iriargifi, the 
leaves, excepting those of the pines and spruces, fall, on the 
approach of the cold season, and vegetation is arrested for n 
longer or shorter period. Insects retire, and the animals 
which live upon Ihem no longer find nourishment, and are 
obliged to migrate to warmer regions, on the borders of the 
tropicsj where, am d ! d g 1 y fi d 
the means of sub 

425. Some ofhlb MmlhB d 
the reptiles whicl f d se p h 

of torpor, from * I 1 h y k [ g 1 

into dens, and 1 nip 1 y h ^ P 

during the warn ■seaso Tl C I R m ols 

and the most act p f h R d hi 

mals that do not 1 g h h bod h 1 b 

The fauna of Ih np n 1 P *" 

changing picture h ! y h d d f 

most important f h ec h q t 

constancy in the Old and the New World. 

426. Taking the contrast of the vegetation as a basis, and 
the consequent changes of habit imposed upon the denizens 
of the forests, the temperate fauna has been divided into 
two regions; a northern one, where the trees, except tiie 
pines, drop their leaves in winter, and a southern one, where 
they are evergreen. Now, as the limit of the former, ih.i; 
of the deciduous trees, coincides, in general, with the limit 
of ihe pines, it may be said that the cold region of the tem- 
perate fauna extends as far as the pines. In Ihe United 
States this coincidence is not so marked as in other regions, 
inasmuch as the pines along the Atlantic coast extend into 
Florida, while they do not prevail in the Western States; 
but we may consider as belonging to the southern portion 
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of the leniperale region ihat part of Ihe counlry south of 
the la itude ivhuru the Palmetln or Cubbage-tiee { Chamarops) 
commences, namely, ul! the Sralcs to the south of North 
Carolina ; while the Stales to the nonh of this limit belong 
to tjie northern portion of the lempcrate region. 

■ 427. This division into two zones is supported hy obser- 
vntions made on the nsaritime faunas of the Atlantic coast 
Till) line of separation between them, however, beinij influ 
cnccd by the Gulf Stream, is considerably farther to the 
north, namely, at Cape Cod ; although there is also another 
decided limitation of the marine animals at a point nearly 
coinciding with the line of de mark at ion above mentioned, 
namely, at Cape Hatleras. It has been observed that of 
one hundred and cinefy-scven Mollusks inhabiting the coasi 
of New England, fifty do not pass to the norih of Cape Cod, 
and eighty-three do not pass to the Koiilh of it ; only sixty- 
four being common to both sides of the Cu|ic. A similar 
limilatioQ of the range of Fislies has been noticed by Dr. 
Slorer; and Dr. Holbrook hiis found the Fishes of South 
Carolina to be different from those of Florida and the West 
indies. In Europe, the northern part of the temperate re- 
gion extends to the Pyrenees and the Alps ; and its south- 
ern portion consists of the hasin of the Mediterranean, to- 
gether with the northern part of Africa, as far as the desert 
of Sahara. 

428. A peculiar c ha rod eristic of the faunas of the tem- 
perate regions in the northern hemispliere, when contrasted 
with those of the southern, is ihe great similarity of the pre- 
tailing types on both continents. Notwithstanding the im- 
mense extent of country embraced, ihe same stamp is every 
where exhibited. Generally, the same families, frequently 
(he same genera, represented by different species, are 
found. There are even a few species of terrestrial animals 

•egarded as identical on the continents of Europe and 
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America; bul. their supposed number is conslaiitly dimiii- 
ished, as more accurate observalioas are made. Tlie pre- 
t types amono' the mammal' ire the bison depr ox 



which latter belong the mackerel and the tunny All classes 
3f the Moilusks are represented ; though the cept alopods aie 
.ess numerous than in the torrid zone. Thtre s in infinite 
number of Artioulala of every type, as wpH ds nuner a 
Polyps, though the corals proper do not yet ap(.par ibin 
daotly. 

429. On each of the two continents of Europe and Amer- 
ica there is a certain numher of species, which extend from 
one extreme of the temperate zone to the other. Such, for 
example, are the deer, the bison, the cougar, the flyiiig-squir- 
rel, numerous birds of prey, several tortoises, and the rattle- 
snake, in America. In Europe, the brown bear, wolf, 
swallow, and many birds of prey. Some species have a 
still wider range, like the ermine, which is found from Behr- 
iag's Strails to the Himalaya Mountains, that is to say, from 
the coldest regions of the arctic zone to the southern confines 
of the temperate zone. It is the same with the muskrat, 
which is found from the mouth of Mackenzie's River to 
Flori.l.i. The field-mouse has an equal range in Europe. 
OthiT species, on ih( contrary, arc limited to one rojjioii. 
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Tlio Canadian elk is confined to the northern portion of iVia 
f^una; while the prairie wolf, the fox-squirrel, the Bassarla, 
and numerous birds, never leave ihe southern portion.* 

430. In America, as in the Old World, the lenipersife 
finina ia further subdivided iulo several districts, which may 
be regarded as so many zoological provinces, in each of 
wliich ihere is a certain number of animals diflering from 
those in fhe others, though very closely allied. Temperate 
Avnerita presents us with a striking example in this respect. 
We have, on the one hand : 

1st. The fauna of the United States properly so called, on 
Ihis aide of the Rocky Mountains. 

2d. The fauna of Oregon and California, beyond those 
mountains. 

Though there are some animals which traverse the chain 
of the Roclty Mountains, and are found in the prairies of 
the Missouri as well as on the banks of tho Columbia, us, 
for example, the Rocky Mountain deer, {AnI-Uop' furdfer,) 
yet, if we regard the whole assemblage of animals, they are 
found to differ entirely. Thus, the rodents, part of the 
ruminants, the insects, and all the mollusks, belong to dis- 
tinct species. 

431. The faunas or zoological provinces of the Old World 
which correspond to these are : 

* The types which are peculiar to temperate America, and are not found 
In Europe, are the Opossum, several genera of Inseotiyora, among Ihcm 
tlie shrew-mule fScalops ajuatkusj and the star-noae mole, (Coadylura 
trUiataJ which replacee the M jgale of the Old World ; several genera 
of rodents, especially the muskral. Among the types characteristic of 
Ajnrrioa must also lie reekoned the snapping-turtle among the tortoises ; 
the Menobranehus and Menopoma, among the Salamanders; the Gar- 
pike and Aniia among the flshes ; and finally, among the Crustacea, the 
Limulns. Among the types ivhich are wanting in temperate America, 
and which are found in Europe, may be cited the horse, the wild boar, and 
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1st. Tht Iduia of Europe, which is vei> tlo&elj re it^d to 
lliat of thp Un ted Sta'e? piopcr 

2d. The fiuni of Sibei i, sepanted from the faJiM. of 
Europe by the Uril Mountains 

3d. The fium. of the Asiatic table hnd which from what 
is aa yet known of it, appears to be quite distinct 

4lh. The fi ma of China and Jap in wh ch i« inaloffou" 
!o (hat of Europe m the Buds, and to thtt of the UiiiteJ 
Stales in the Reptiles — in t it also in the flora 

Lastly, It IS m the temperate zone of the nortlieru hemi 
sphere that we meet with the most striking ei£im|ile of 
those local faunas whii-h have been !nentioni,d above 
Such, for example, is the fauna of the Caspnn Sea, of the 
stiippes of Tarlary and of tht Western prunes 

432. The fa mas of the southern temperate regions differ 
fi'om those of the tropica as much as the northern temperate 
faunae do, and like them also mi\ he distinguished into 
two provinces, the colder of which cmbnces Patagon a 
But besides difiering from the tropicil fiiini',, th''v are also 
quite unlike each other on the different conlinens Instead 
of that geneial lesemblance that famdy likeness whch we 
have noticed between all the fauo-is of the temperate zone 
of the northern hemisphere, we find heiP the most complete 
contrasts Lich of the thiee continental peninsulas «hich 
Jut out soitbeily mto the ocean lepreaents, in some sense, a 
separate w orld The animals of South Amerir-i, beyond the 
tropic of Capiicorn, are in ill respt,cts different from those 
at the southern e^itremm (f Afiici The hyenas wild 
boars, and ihinocerases of the Cape of Gojd Hope ha\e no 
analogues on the Araejican continent, and fiie diffpienec is 
equally great between the birds, leptiles and fishes, insOLts 
and mo usks Among the most chaiacterislic animals of 
the south rn extremity of 4merii"a are peculiar species of 
seals ai d f spfc lUj Tmc ij; aqu itic ii ds tl e pnn^ i : 's 
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433. New Holland, w I m rs p 1 ml h 
which are ossocialed ins 1 11 i I sa 1 
furnislies a fajna still mo pi d 1 h h m 
Ifirity to those of nuy of h dj ! h 

of ihat continent, where y ' g *i <' 

the Curious shark, with p d (dp h h 1 

(CeEtradon PhiUppU,) th 1 1 g p ae f 

family so numerous in fo 11 B m 

remarkable feature of th ! 11 m p 

prevail over the whole co j H 

its tropica! portions, the p lybgdff df 

fevenl localities. 

434. Tropical Fauna — T1 P I f '^ 
tinguished, on all the con 1 1 mm ) f 
animals which they comp I h b 1 b II j 
of their dress. AH the p p I jp f I p 
resented, and all conta g i^ ^3 P 

We need only refer to h b f I Id h b 

numbers not less than 300 p I y P 

notice, that here are con d h m p f 11 

as tlie oddest, types of all h 1 f 1 A IK 

dom. The tropical regi 1 ly ; d b} t}i 

Qiiadrumana, the herbiv b ts 1 g p h d 

S'jch as the elephant, th h pp p d h } <! 

the whole family of Ed H 1 f d I 

largest of the cat iribo, tl 1 d g Am g h B d 

we may mention the p i lly 

iro[iical ; among the Rep 1 1 1 g d 1 d 

gigantic tortoises ; and fin lly g 1 1 d m I 

an immense variety of the most beautiful insects, Tiio 
marine animals, as a whole, are equally superior to those of 
other regions ; the seas teem with crustaceans and numerous 
■rephaiopods, together with an infinite variety of gasteropoda 
nd acephala. The Echinoderms there attain a magnitude 
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and variety elsewhere unknown ; and lastly, the Polyps tliere 
display an activity of which the otlier zones present no ex- 
iimple. Whole groups of islands are surrounded with coral 
reefs formed by those little animals. 

435. The varieiy of :he tropical fauna is fnrfher enriched 
by tlie circumstance llml each continum furnishes new ani! 
peculiar forms. Sometimes whole types ure limited to one 
conlineni, as the sloih, the toucans, and the hummiog-bi rds to 
Aroerica, the giruffe and hippopotamus to Africa ; and again 
animals of the same group have different characteristics, iic- 
cording as they ore found on difTerent continents. Thus, 
the monkeys of America have flat and widely separated 
nostrils, thirty -six teeth, and generally a long, preliensile tail. 
The monkeys of the Old World, on the contrary, have nostrils 
close together, only thirty-two teeth, and not one of tliem has 
a prehensile tail. 

436. But these diflerences, however important they mny 
appear at first glance, are subordinate to more important 
characters, which establish a certain general affinity between 
all the faunas of the tropics. Such, for example, is the fact 
that the quadrumana are limited, on all the ciintinenis, to 
the warmest regions; and never, or but rarely, penetrate 
into the temperate zone. This limitation is a natural con- 
sequence of the distribution of the palms ; for as these trees, 
which constitute the ruling feature of the flora of the tropics, 
furnish, to a great extent, the food of tlie monkeys on both 
continents, we have only to trace the limits of the palms, to 
have a pretty accurate indication of the extent of the tropiotl 

437. Several well-marked faunas may be distinguished in 
the tropical part of the American continent, namely : 

1. The fauna of Brazil, characterized by its gigantic rep- 
liles, its monkeys, its Edentata, its tapir, its humming-birds, 
and its astonisbinfi variety of iaiects. 
18 
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2. The fauna of the western slope of the Andes, com. 
prising Chili and Peru; and dislinguished by its Llamas, 
vicunas, and birds, which differ from those of the basin of 
tlie Amazon, as also do the insects and mollusks. 

3. The fauna of the Aniilles and the Gulf of Mexico. 
Tliis is especially characterized by its nnnrine animals, among 
which the Manatee is particularly remarkable ; an infioite 
variety of singular fishes, embracing a large number of 
Plectognatlis ; also Mollusks, and Eadiata of peculiar species. 
It is in this zone that the PentacHmis capiU-7itedm(B is found, 
the only representative, in the existing creation, of u family so 
numerousinancient epochs, the Crinoidea with a jointed stem. 

The limits of the fauni of Central America cannot yet be 
well defined fiom wanl of sufficient knowledge of the ani- 
mals which nhabit tho^e le^ions 

438 Tie fropcal zone of Afiica is distinguished by a 
strikiig un ftimitj in the distribution of the animils, which 
corresponds to the unifoimity of the structure and contour 
of tliat continent Its most characteristic species aie <:pread 
over the whole extent of tlie tropics Ihu the giraffe is met 
with from Upfei F^jit to the Cape of Good Hope The 
hippopotamus is found at the same time in the Nile, the 
Niger, and Orange River. This wide range is the more 
significant as it also relates to herbivorous animals, and thus 
supposes conditions of vegetation very similar, over wide 
countries. Some forms are, nevertheless, circumscribed 
within narrow districts; and there are marked differences 
between the animals of the eastern and western shores. 
Among the remarkable species of the African torrid region 
are the baboons, the African elephant, the crocodile of the 
Nile, a vast number of Antelopes, and especially two species 
of Orang-outang, the Chimpanzee and the Engecna, a large 
and remarkable animal, only recently described. The fishes 
nr the Nile have a tropical cliaracler, as well as tlie animals 
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of Arabia, which are more allied to those of Al'rica tl in to 
tliose of Asia. 

439, The tropictl fiuna of Ash, comprising Iho two 
peninsulas of India and the Isles of Siinda, )s Dot less marlced. 
It is the countij of ihe gibbons, the red oring, the royal 
tigtr, the gavial, and a multitude of peculiai birds Among 
the fishes, the fjmily of Chetodons is most numerously 
represented. Here ai'io are found thoae cunous spiny 
fishes, whose inli ic ite gills suggested the nime Labyrinth ici, 
by which they aie known Fishes with tufted gills are more 
numerous here Ihan in oiher seat Tlie insects and mol- 
luslts are ao less strongly chincleiized Among olhers is 
the nauiDus, ihe only living repre^enlatiie of the great fam- 
ily of large, chambered sholh wb cli prevailed so extensively 
over other types, in former geological ages 

440. The large Island of Madagascar has its peculiar 
fauna, chai-aclei ized bj its makis and its cunous rodents. 
It is also the habitat of the Aya-aya. Polynesia, exclusive 
of New Holland, furnishes a number of very curious animals, 
which are not found oa the Asiatic continent. Such are the 
herbivorous bats, and the Galeopithecus or flying Maki. The 
Ga[apago islands, only a few hundred miles from the coast 
of Peru, have a fauna exclusively their own, among which 
gigantic land -tortoises arc particularly characteristic. 

SECTION m. 



441. From the survey we have thus maile of the dislnhu- 
,Lon of the Animal Kingdom, it follows : 

1st. Each grand division of the globe has animals which 
are either wholly or for the most part peculiar to it. These 
groups of animals constitute the faunas of differetil regions 
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2d. The diversity of faunas is not in proportion to tlie 
distnn e which separates them. Very similar ftiunas ere 
found at great distances apart; as, for example, the fyuna 
of Europe and that of the Uniied Slates, which yet are 
stparated by a wide ocean. Olhers, on the contrary, differ 
considerably, though at comparatively short distances; aa 
the fauna of the East Indies and the Sunda Islands, and that 
of New Hollantl ; or the fauna of Labrador and that of New 
Eaglaiid. 

3d. There is a direct relation between the richness of a. 
fauna and the climate. The tropical faunas contain a much 
larger number of more perfect animals than those of the 
temperate and polar regions. 

4lh. There is a no lea^ striking relation between ihe fauna 
and flora, the limit of the former being oflentimes deter- 
mined, so far as terrestrial animals are concerned, by the 
extent of the latter. 

442. Animals are endowed with instincts and faculties 
corresponding to the physical character of the countries they 
inhabit, and which would be of no service to them under 
oilier circumstances. The monkey, which is a frugivorous 
animal, is organized for living on ihe trees from which he 
obiains his food. The reindeer, on the contrary, whose 
food consists of lichens, lives in cold regions. The latter 
would be quite out of place in the torrid zone, and Ihe men- 
key would perish with hunger in the polar regions. Animals 
which store up provisions are all peculiar to temperate or cold 
climales. Their instincts would be uncalled for in tropical 
regions, where the vegetation presents the herbivora with an 
abundant supply of food a( all times. 

443. However intimately the climate of a country seems 11 
be allied with the peculiar character of its fauna, we are not 
to conclude that the one is the consequence of the othci. 
T!ie differeices which are observed beiween the animals of 
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did we not know intermediute animals, compleiiiig llie serius, 
namely, llie Proteus and Megalobairachus. Now, the far- 
mer Rxista only in the subtarraiiean lakes of Austria, ;ind 
llic laltei in Japan The connection in this ciise is coiiad- 
ciuently (.slublished bv means of species which inhabit con- 
linuits widely distant iioni each other. 

415 Nniher the distiibution of animals, therefore, any 
nioie ihn 1 IliPir oiji^n zation, can be the effect of external 
18* 



:., Google 



310 3E0GRAPHICAL 

influences. We must, on the contrary, see in it the realiza- 
lion of a plan wisely designed, the work of a Supreme Intel- 
ligence who created, at the beginning, each species of ani- 
mal at the place, and for the place, which it inhabits. To 
each species has been assigned a limit which it has no dis- 
position to overstep, so long as it remains in a wild stale- 
Only those animals which have been subjected to the yoke 
of man, jr whose subsistence is dependent on man's social 
habits, are exceptions lo this rule. 

446. As the human race has extended over the surface 
of the (Mirlh, man has more or less modified the animal popu- 
lation of different regions, either by exterminating certain 
species, or by introducing others with which he des res to he 
more intimately associated — the domesic animak Thus, 
the dog is found wherever we know of the pre'^ei ce of man. 
The horse, o !iy f A d d Aneri- 
ca by the Sp rd h h h II hit it 
is found win m bi 1 i h P p s of 
South Ame dip f h \\ I like 
manner, ihe d be wid S h A iica 
Many less w 1 II f U d m I peie- 
grinations; f pi h ra 11 well 
as a multitud f ! as I h By 1 cock- 
roach, and others which aie attached to certaLO species of 
plants, aa the white butterfly, the Hessian fly, &c. The 
honey-bee, also, has been imported from Europe. 

447. Among the species which have disappeared, under 
the influence of man, we may mention the Dodo a pecu- 
liar species of bird which once inhabited the Mauiitui', 
some remains of which are preserved in the Bi tiah and 
Ashmolean Museums; also a large cetacean of the north, 
[RgtitKt Slell&ri,) formerly inhabiting the coasts of Behrmg's 
Straits, aid which has not been seen since 1768. A^«oid- 
liig tr all appearances, we must also count among these thtj 
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gre^it slag, the skeleton and horns of which have been founiJ 
buried in the peat-bogs of Ireland. There are also many 
species of anlmuls whose numbers are daily diminisliing, 
and whose oxtinciion mny be foreseen ; as tbe Clunuda deer, 
(WiijiUi,) the Ibex of tbe Alps, tbe Lammergeyer, the 
bison, the beaver, the wild turkey, &c. 

448. Other causes may also contribute towards dispersing 
animala beyond their natural limits. Thus, the sea-weeds 
ive carried about by marine currents, and are frequently 
nict wilh far from shore, thronged with little crustaceans, 
which are in this manner transported to great distances from 
the place of their birth. The drift wood which the Gulf 
Stream Boats from the Gulf of Mexico even to the western 
shores of Europe, is frequently perforated by the larvse of 
insects, and may, probably, serve as depositories for the eggs 
jf fishes, Crustacea, and mollusks. It is possible, also, that 
aquatic birds may contribute in some measure to the diffu- 
sion of some species of fishes and mollusks, either by the 
eggs becoming attached to their feet, or by means of those 
which they evacuate undigested, after having transported 
them to considerable distances. Still, all these circum- 
stances exercise but a very feeble influence upon the dis- 
tribution of species in general ; and each country, none the 
less, preserves its peculiar physiognomy, so far as its animals 
are concerned. 

449. There is only one way to account for the distribu- 
tiim of animals as we find them, namely, to suppose tliat 
ihey are autaekthonoi, that is to say, that they originated 
like plants, on the soil where they are found. In order to 
explain the particular distribution of many animals, wo are 
eien led to admit that they must have been created at 
several points o " the same zone ; an inference which we 
must make from ilie distribution of aquatic animals, especial- 
ly that of Fis'ies. If we examine the fishes of ihe dilTcrent 
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rivers of ihe United Stales, peculiar species will be fcJiid 
each basin, associated wjili olfiers which are coii.mon 
several basins. Thus, the Delaware River conlains species 
not found in the Hudson. But, on the other hand, the pici 
erei is found in both. Now, if all animals originated 
point, and from a single stock, the pickerel must have passe 
from the Delaware to the Hudson, or vice versa, which 
could only have done by passing along the sea-shore, or by 
ici lino ov r I'rge spa-es of terra Jirma • that is to say 
b d g 
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leigbbors in Europe; jiist as we have 
! with the zoological laiina ip general. 
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(403,) The inhibiiari(& of New Hullind, like iN nnimiN, 
fire the most grolcsque nnd uncouth of all nces, (433 ) 

452. The same parallelism holds good elsewhere, though 
noi always in so remarkuble a degree In America, efpe- 
oially, while ihe ahoiigmal nice is a« well distinguished from 
other races as is its flora, the minor divisions are not so 
decided. Indeed, the facilities, or »e might somelimii 
rather say necessities arising fiom the varied supplies c*" 
BUimal and vegetable food in the -jeverai regions, might be 
expected to mvohe, with his corresponding customs and 
modes of life, a difference in the phv-iiciil consul ution of 
man, which would contribute to augment any primeval dif- 
ferences. It coild not indeed be e%pected, ihnt a people 
constantly subjected to cold, like the p'ople of ihe North, 
iind living almost e\clusively on fish, which is not to bo 
c>blained without great toil and peril, should present the same 
cliaracteristics, eitbei bodilj or mental, as those who idlj 
I :;gale on the spontaneous bounties of tropical vpgLljl on 
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CHAPTER FOURTEENTH 



GEOLOGICAL SUCCESSION OF ANIMALS; OR, inGIB 
DISTRIBUTION IN TIME. 



SECTION I. 



V ft R 

the shielJs of the Crustaceans, and somelim-s the wm^ ca i 
of Insects. Most frequently they have lost their origin 
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iihemical composition, and are changed into stone ; and 
hence the name of petn/actinns or fossils, under which lat- 
ter term are comprehended all the organized bodies of 
former epochs, obtained from the earth's crust. Others have 
entirely disappeared, leaving only their forms ai d sculpture 
impressed upon the rocks. 

456. The study of these remains and of their position in 
ihe rocks constitutes PALEotJToi-oQr ; one of the most essen- 
tial braoi^hes of Zoology. Their geological distribution, or 
the order' of their successive appearance, namely, the dislri- 
bulion of mdmals in time, is of no less importance than the 
geographical distribution of living animals, their distribution 
in space, of which we have treated in the preceding chapter. 
To obtain an idea of the successive creations, and of the stu- 
pendous length of time they have required, it is necessary to 
sketch the principal outlmes of Geology. 

457. The rocks* which compose the crust of our globe 
are of two kinds : 

1. The Massu-e Roi.ks, called also Plutonic or Igneous 
Rocks, which lie beneath all the others, or have sometimes 
been forced up through them, from beneath. They were 
once in a melted state, like the lava of the present epoch, 
and on cooling al the surface formed the original crust of the 
globe, the granite, and later porphyry, basalt, &c. 

2. The Sedimentary or Stratified Rocks, called also Nep- 
tunic Rocks, which have been deposited in water, in the same 
manner as modern seas and lakes deposit sand and mjd on 
iheir shores, or at the bottom. 

458. These sediments have been derived partly from Ihe 
disintegration of the older rocks, and partly from llie decay 
of plants and animals. The materials being disposed \o 

* Rocks, in a geological sense, include all the materials of the earth. 
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layers or strata, have become, h h d d 1 
slates, marls, or grits, accoi'di g I h m I d 

chanical composition, and con I m f h ml 

and plants which were scattered t I 1 

459 The ditferenl strata, wb I b H g ! 

one .iboie the other in a horiz In 1 k h 1 

of a book, (he lowest being ll 11 I q f 

the commotions which the cm f b gl b b d 
the strata have been nipturod, dm p f 1 f 

liawe been elevated to great h gh n h f m f 
tains ; and hence it is that fosa I m m f d h 

summit of the highest mounta h gh h k 

ing ihem were originally forn d I b m f I a 
But even when folded, or pa ly b I h 1 g 

may still be determined by ai nib d f 

the upturned strata, where th j p p 

cession, at the surface, or oa tl 1 p f m 
in the diagram, (Fig. 154.) 

460. The sedimentary rock 1 'j n 1 h h o 

been found to contain animal ad hi Th e 

are found imbedded in the rod ,_, h Id fi d b 

in the mud now deposited at the bottom of the sea, if laid 
dry. The strata containing fossils are numerous. The com- 
parison and detailed study of them belongs to Geology, of 

* Underneatli the deepest strata containing fossils, between theae and 
the Plutonic rooks, are generally found very extensive layers of slates 
witliDut fossils, (gneiss, mica-slate, talcose-slate.) Iliuugh stratified, an^ 
known to the geolngisC under the name of Melamorp/iic Rocks, (Fig. 151, 
M,) being probably sedimentary rocks, which have undei^one eonsider- 
tbic changes. The Plutonic rocks, as well as the metamorphio rocka, 
are not always confined to the lower levels, but they are often seen rising 
to considerable heights, and forming many of the loftiest peaks of the 
(■lobe. The former also penetrate, in many cases, like veins, through the 
whole mass of the sttatiBed and melamorphic layers, and expand at the 
wrtace : as is the case with the trap dykes, and as lata Etisams actually 
io at the present era, (Fig- 134. T. L.) 
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which Pal^onlolog) forms an essent al p'jrt \ g oup of 
BVraia exieii'lmg ovei a certain geographical e'lleiif, ill of 
which coniain some fossils in curamon, no matter what may 
he the chemical character of the rock, whelhei it bo I ms- 
stonc,saiid, orclay, IS teimeda ge ologic ii 1 Ponna/w» iii is, 
the coal beds, with the interveiimg slates anrf grits, and ho 
masses of limestone, between which they often lii^, consuiuto 
but one formation — the carbonifeious formaticn 

461. Among the stratified rocks we distinguish ten pnn- 
cipal Formations, oach of which indicates an entirely new 
era in the eafth''s history while each of the lasers which 
compose a formation in:iicates but •iome pari il lev-olution 
Proceeding from below upwards, ihcj aie an follow-, as 
indicated in the cut, and also m thp lower diagram ou the 
Frontispiece. 




1st. ThL, L-}u.u ^lu.uul i..i IS J uiu,l .il, ii,ive for- 
nation, no less than eiglil stages of which have been made 
)Lil by Geologists in North America, composed of various 
and sandstones.* 

otsdam Sandstone ; 2. Caldforous Sandstone; 3. Chazy Lime 
, Bird'3-eyH Limestone ; 5. Blask Eiver Limestone; 6. Trenton 
le; 7- Utka Slate; 8. Hiidaon Elver Group; being ull fuand in 
em parts of tiie United States. 
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2(1. The Upper Silurian. It is also i leiv extensile for- 
niatioii, since about leu stages of it are found m llie Slate of 
Now York.* 

3d, The Dmonian, including in North America no less 
Ihan eleven slages.t It occurs also in Russia and Eicotlanij, 
wliere it was first made out as a peculiar foimation 

4th. The Carboniferous Formation, conststtng of th-ee 
■grand divisiona.J 

5th. The Trias, or Saliferous Formaiwn, which, conlatn- 
ing the richest deposits of Salt on the continent of Euiope, 
comprises three stages,^ lo one of which the Saodstone of 
the Connecticut valley belongs, 

6ih. The Oolilic Formation, only faint traces of which 
exist on the continent of America. It comprises at lejst foui 
distinct 1 ge.|| 
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J t. The Permian, eitensivclj developed in Russia, e.petiHll) m the 
gavemment of Term ; 2. Tlid cnal meiuureH, containin^i the rich d?pi>3i1» 
of coal in the Old and New World] 3. The Maeneeian Limestone of 
England. 

i 1. New Red Sandstone; 2. MiiBchelkfilk i 3. Keiippr. 

II \, TheUM; 2. The Lower Oolite; 3. The Middle Oolite; i Xh« 
Upper Oolite. 
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STHUCTURE OF THE EARTh's CRUST. iHH 

9lh. T]e I p r T a y or Miocene and Pteineene, 
tbiind also 1 e I n ed S es rs far north as Martha s 

Vineyard and Na lucl e! and very extensive in Southern 
Europe, is well as n Sou h Ameiicu. 

10th. Tie Dr It form ng the most superficial dejjoslls, 
and exie id ng o e a large port on of the northern cou niries 
in both 1 em spl e es 

We ha e th s more han forty distinct layere already 
made out each of ch ma lis a dislittct epoch in the earth's 
history, nd cat g a more or ess extensive and important 
cliange in the co d on of s surface. 

462. All the forma ons are not every where found, or are 
not develo] ed o ti o sa e e\ e , in all places. So it is 
with the so era a ■nXi of 1 ch they are composed. In 
other words the layers of the eirth's crust arc not continuous 
h h Ik 1 f Th [I 

Iglbh f repbl bd 

n II h n Id b f d I d 

I 1- 1 b S g I i 



1 y nd Ily f 1 1 d I as 

hh w mlpldAd hjcl 

fmlbyhbd fdm k 

w n b f 1 p ib by 

would be thickest at the parts where most sediment was 
deposited, and gradually thin out towards their circumference. 
We may therefore infer, that all those portions of the earth's 
surface whicli are desiilulo of a certain formation were dry 
land, during that epoch of the earth's history to which such 
formation relates, excepting, indeed, where the rocks have 
been subsequently removed by the denuding action of ivulii 
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Thus, the coarse hmestooe in the neighborhood of Pans, 
which is only one stage of the lower tertiary, contains not 
less than 1200 species of shells; whereas the species now 
living in tbe Mediterranean do not amount to half that num- 
ber. Similar relations may be pointed out in America. 
Mr. Hall, one of the geologists of tlie New York Survey, has 
described, from the Ti'entoo limestone, (one of the ten stages 
of the lower Silurian,) ]70 species of shells, a number almost 
equal to thai of all the species found now living on the coast 
of Massachusetts. 

465. Nor was the number of individuals less than at 
present. Whole rocks aro entirely formed of animal re- 
mains, particularly of corals and shells. So, also, coal is 
(jr-mposed of the remains of plants. If we consider the slow- 
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iicss with w1 ich corals and shells are formed, it will give ua 
Bome fa iit rution of the vust series of ages that must have 
elapsed in order to allow (he formation of those rocks, and 
Iheir regular deposition, under the water, to so great a thick- 
ness. If, as all things combine to prove, this deposition took 
place in a slow and gradual mantKir in each formation, we 
must conclude, that the successive species of animals found 
in them followed ewch other at long intervals, and are not the 
work of a single epoch 

466 It was onee believed thUinimals were successively 
created in Ihe oider of Ihnr lehi le perfection ; so that the 
most ancient formation'' rontaintd only animals of the low- 
esr gride such us the Polyps the Echinoderms, to which 
succeeded the Mollusks then the Articulated Animals, and, 
last of ail, the ^ertebiates This theory, however, is now 
untenahle, smco fossils belong ng to each of the four depart 
ments have been found in the tossiliferous deposits of every 
age Indeed, we shill ste thai even in the lower Silurian 
format on ihere exist not only Polyps and other Radiata, but 
also numeious Mollusks, Tnlobites, (belonging to the Articu- 
lata,) and even Fishes. 



t OF ^ 



467. Each formation, as has been before stated, (460,) 
contains remains peculiar to ilself, which do not extend into 
the neighboring deposits above or below it. Still there is a 
conneclion between the different formations, moi-e strong in 
proportion lo iheir proximity to each other. Thus, the ani- 
mal remains of the Chalk, while they differ from those of all 
other formations, are, neverlheless, much more nearly related 
19 • 
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to thost- of the Ool ticformition, wh cli imraediateh piecedes, 
ll an to thn'^e ol the caiboniferaus formal on, wh c!i is mich 
more ancient and, in the same minner the fuss Is of the 
cai boniferous group appioach more nearly to thoie ol the 
S lurun formaiion than to those of the Teitnry 

468 These relations could not escape the obser\ation of 
naturalists, and mdeed ll e} are of gieit mportance tor the 
iruo U[)d;,ist Hiding of the d(.\elopmtnt of life at the suif ice 
of otr earth And, as in the histoty of man several grand 
periods haie been eslnbhbhed, under the mme of Ages, 
matked by peculianlie^ in his socnl and mtellectudl condi- 
tion and illustrated by con tem porn neous monuments, so, in 
the history of the eaith, also, are distinguished ac^eial great 
peiiods, which may be desigmted as the various jI^cj of 
Natme, illustrated in like manner, by their monuments, the 
fossil remains, which, hy certain general traits stamped upon 
them clearly indicate the eras to which they belong 

469 We distinguish four Ages of Nature coriesponding 
to the great geilogical dn sions nimely 

Isi The Primary oi Palccoznc j4^e, compiis a^ the lower 
Silurian, the upper Silurian, and the Devonian, During this 
age there were no air-breathing animals. The fishes were 
the masters of creation. We may therefore call it the Reign 
of Fishes. 

2d. The Secondary Age, comprising the carboniferous for- 
mation, the Trias, the Oolitic, and the Cretaceous formations. 
This is ihe epoch in which air-breathing animals iirst appear. 
Reptiles predominate over the other classes, and we may 
therefore call it the Reign of Reptiles. 

3d. 37(6 Tertiary jlge, comprising the tertiaiy formations. 
During this age, terrestrial mammals, of great size, ibound. 
This is the Reign of Mammals. 

4th. The Modern Age, characterized by the appearance 
of the niwsi perfect of all created beings. This is the Reign 
i Man. 
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Ijet us review each of these four Ages of Nature, wiib 
reference lo the diygram at the beginning of the voliirae. 

470. The Pal^ozotc Age. Reign of Fishes. — Tlie 
palaiozoic fauna, being the moat reinole from the present 
epoch, presents the least resemblance lo the animals now 
exlsiing, as will easily be perceived by a glance at the fol- 




lowing sketches, {Fig. 155.) In no other case do we meet 
with animals of such extraordinary shapes, as in the strata 
of the Palteozoic age, 

471. We have already stated (466) that there are found, 
in each formation of the primary age, animal remains of all 
the four great departments, namely, vertebrates, articulata, 
molluski!, and radiala. We have now to examine to wha! 
peculiar classes and families of each department these re- 
niaiiia belong, with a view o ascertain if any relation botweeri 
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the structure of an animal, and the epoch of its first appear- 
ance on the earth's surface, may be traced, 

472. As a general result of the inquiries hitherto made, 
it may be stated that the palieozoic animala belong, for the 
most part, to the lower divisions of the difTereiit classes. 
Thus, of the class of Echinoderms, we find scarcely aoy 
but Crinoids, which are the least |ierfect of the class. We 
have repre.senled, in the above skelobes, several of the most 
curious forms,* as well as of the Polyps, of which there ara 
Sonne quite peculiar types from the Trenton limestone, and 
from the Black River limestone. 

473. Of the Molljsks, the bivalves or Acephala are nu- 
merous, but, for the meet part, they belong to the Brachiopo- 
da, that is to .5ay, to the lowest divisionof the class, including 
molluska with uuequal valves, having peculiar appendages 
in the interior. The Leptana ahemata, {b,) which is found 
very abundantly in the Trenton limestone, is one of these 
shells. The only fossils yet found in the Potsdam sandstone, 
the oldest of all fossiliferous deposits, belong, also, to this 
family, {Lingula prima, a.) Besides this, there are also 
found some bivalves of a leas uncommon shape, {Aviciila 
deeussata, e.) 

474. The Gasteropods are less abundant ; some of them 
are of a peculiar shape and structure, {Bucania expamaTf; 
Euompkaliis lu-misphericus, c.) Those more similar to our 
common marine snails have all an entire aperture ; those 
wiih a canal being of a more recent epoch. 

475. Of (he Cephalopods we find some genera not less 
curious, part of which disappear in the succeeding epochs ; 



• {i)CyalAmnma omatiisinms, Hall ; U) Melecrinva Amphoi-a, Coldf. ; 
{«) Cto-ioerinua Immfia, Say ; (;) Columnaria alvmlata; (m) Cijatko- 
phyllvm gii^d-igeminvni, Goldf. ; (n, o) Caninia Jkxuosa ; (p) Ctuetetet 
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Bucli, in pailieular, aa those of the straight, chambered shells 
called Orthoceratites, some of which are twelve feet in length, 
(Orthoceras fusiforme, g.) There arc also found some of a 
coiled shnpe, hke the Ammonites of the secondary age, but 
havmg less com phca ted partLt ons (TrochoUles ammonius,d.) 
The Hue cuttle hshes which are the highest of the class, 
aie not yet found On the contrary, the Bryozoa, which 
have long been cons dered as polyps, but which, according 
to ill appearances, die moUusks of a very low order, are 
very nu iie o is n th s epoch 

416 rie Artculuta of the PalEeozoic age a 
Trilobites, animals which evidently belong to 
order of the Crustaceans, (Fig. ]56,) There is : 
pletencsa and want of development, in the fori 
body, (hat strongly reminds us of the embryo e 
crabs. A great many genera have already been dis 
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We may consider as belonging to th( 
the forms here represented, {^Harpes, 
tea, c ; and Flatynotus, d ;) the latter, t 
the largest of all, being peculiar to the 
this country. Some others seem moi 



Arges, b ; Bron- 
ill as the Isolelus, 
Kozoic deposit of 
lied to the crusta- 



ceans of the following 
rxtraoi'dinary form, as Euri/pl< 
a so found, in the Devonian, st 
The class of Worms is rcpres 



but 



iiicd 



re nevertheless of a 
T-emijies, (e.) There 
very large Eniomosit 
y by a few Scrj^ 
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which are tnariiie worms, surrounded by u solid slieath. The 

477. The hiferiorily of the earliest inhabitants of our 
eorih appears most slrikirig among the Vertebrates. Tliere 
are as yet neillier reptiles, birds, nor mammals. The fishes, 
as we have said, are the sole representatives of this division 
of animals. 

478. Rut the fishes of that early period w. 
ours. Some of them had the most extraordinary forms, 
that Ihey have been often mistaken for quite different a 
mats ; for example, the Pterichiliys, (a,) with its two wi. 



ike 




Fig. 157- 



like appendages, and also the Coccosteus (5) of the same 
oeposil, with its large plates covering the head and the ante- 
rior part of the body. There are also found remains of 
shark's spines, (e,) as well as palatal bones, {d,) the latter of a 
verj' peculiar kind. Even those fishes which have a more 
regular shape, as the Dtpierus, (c,) have not horny scales 
like our common fishes, but are protected by a coat of bony 
plates, covered with enamel, like Ihe gar-pikes of the 
American rivers. Moreover, ihey all exhibit certain chur- 
Rcteristic features, which are very interesting in a physio- 
logical point of view. They all have a broad head, and a 
tail tormina'ing in two uneqtial lobes. What is still more 
curious, the best ircserved specimens show no indications 
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of the bodies of verlebrfe, but merely of their spinous pro- 
cesses ; ffom which it must be inferred that ihe body of tlie 
vertebra was curtilaginous, as it is in our Sturgeons. 

479. Recurring lo what has been stated on that point, in 
Chapter Twelfth, we thence conclude, that these ancient 
fishes were not so fully developed as most of our fishes, 
being, like the Sturgeon, arrested, as it wore, in their devel- 
opment ; since we have shown that the Sturgeon, in its or- 
ganization, agrees, ia many respects, with the Cod or Salmon 
at an early age 

4S0 Finally, there was, dunng the Pateozoic a^e, bit 
liitle variety among the animals of the difFerunt re^ion^ of 
)hp globe, and this miy be readilv explained bv tie pecu 
li ir conhg iration of the eiith at th-it epoch Gieit moun 
tains did not then exist ihpie \ieie ne tbei lofty elevations 
nor deep depress ons The ^ea covered the gieater pavl, if 
not the whole, of the "Juifure of the globe, and the animals 
which then ex sted, and whose remain'! haie been preserved, 
iiPie all without exception, aquatic animals, bieathing by 
^ills fhi'. wide di'itribulion of the wateis impressed a sery 
uniform chinctei upon the whole Animal Kingdom Be 
t«een the diffeient zones and continents, no such strange 
contrasts of the diflercnl t^ pes existed a"! at the picent 
epoch 1 he same genera, and often the same species, weie 
found in the sets of Ameiica, Euiope, Asii Afiica and 
hew Hjliaud , from which we must conclude that the 
climate was mu h moie un foim ihm at the | re=ent daj 
Amonp, the aq iitic population, no sound was heaid All 
cieition wjs tlien silent 

4bl. The Si.r.0NDAR\ Age. Reign of R,.ptilc-s.— The 
Secondary age displays a greater variety jf aoimals as well 
as plants. The fantastic forms of the Palojozoic age disji,)- 
pear, and in their place we see a greater symmetry of shape. 
The advance is particularly marked in the series of verie- 
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appearance, namely, ferns of great size, club-mosses, and 
other fossil plants. This corroborates what has been already 
said concerning the inlimale connection thai esista, and 
from all times has existed, between animals and the land- 
plants, (399.) The class of Crnsiaceans has also improved 
during the epoeh of the coal. It is no longer composed ex- 
clusively of Trilobites, but the type of horae-shoe crabs also 
appears, with other gigantic forms. Some of the Mollusks 
seem also to approach those of the Oolitic peciod, particularly 
the Bivalves. 

4S3. In the Trias period, which immediately succeeds the 
Carboniferous, the fauna of the Secondary age acquires its 
definitive character ; here the Reptiles first appear. They are 
huge Crocodilian animals, belonging to a peculiar order, the 
Ehizodonfs, (Frotosaurus, Notosaurtis, and Labyrinthodon.) 
The well-known discoveries of Professor Hitchcock, in the 
red sandstone of the Connecticut, have made us acquainted 

• This ciroiiinstonce, in connection ivilli the absence of Reptiles, lina 
esHsed the poal-measures to be generally referred to the Palteoznic opooh. 
B[^t there are other reaaona nhich induce us to unite the caibonircrous 
period ivith the secondary age, especially when considering thtt here tha 
land animals first appear, whereas, in the Palicozoic age, Ihtro ore only 

Tcgeiation was developed at that epoch. 



i.Google 



AGES OS NATUKE. 



229 



Willi a great number of birds' tracks (Fig. 158, a, 5) bolong- 
iiig to this epocli, for ihe moat pan indicating birds of gigun- 
tic size. These impressions, which ho bas designated under 
the name of Ormllikknites,aTe some of them eighteen inches 



^' 



/(^-.. 



■'•<t- 



M 



■11 length, and five feet apart, far exceeding Jn size the IracUg 
of the largest ostrich. Other tracks, of a very peculiar shape, 
iiave been found in the red sandstone of GJermany, and in 
Pennsylvania. They were probably made by Reptiles which 
have been called Cheirolkerium, from the resemblance of the 
track to a hand, (c.) The Mollusks, Articulates, and Eaoiatea 
of this period, approach to the fauna of the succeeding period. 
484. The fauna of the Oolitic formation is remarkable for 
the great number of gigantic Reptiles which it contains. In 



! find those enormous Amphibia, known 
under the names Idithyosanrvs, Plfsiosmirus, Megahsaurus, 
and Igiianodon. The first, in particular, the Irhtht/nsaunts, 
(Fig. 159, a,) greatly ahoiinded on the coast of the continents 
of that period, and their skeletons are so ivell preserved, that 
we are enabled to study even the minutest details of their 
structure, which differs essentially from that of the Repldea 
of the present day. In some respects they form an inler- 
mediaie link between the Fishes and MammaK, and ma\ bo 
considtred as the pralotypes of the Whales, havn" lilio 
20 
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them, limbs in ihc form of oara. The Flesiosaurus (S) 
agrees, in many respects, with 
the Ichlhyosawrus, in its struc- 
ture, but is easily distinguished 
by its long neck, which resem- 
bles somewhat the nee if of 
some of our birds. A still 
more extraordinary Reptile ia 
Fig. 160. the Fterodactylus, (Fig. 160,) 

with its long fingers, like those of a bat, and which is thought 
to have been capable of flying. 

485, It is also in the upper stages of thi? formation that 
we fir&t meet with Tortoises. Here also we find impressions 
ofsevenil families of insects, {Libellula, Coleopiei-a, Ichneu- 
mons, ^c.) Finally, in these same stages, the slates of 
Stoncsfleld, the first traces of Mammals are found, namely 
the jaws and teeth of animals havmg some resemblance U 
the Opossum. 

486 The department of Molliisks is largely represented 
in all its classes. The peculiar forma of the primary age 
have almost all disappeared, and are replaced by a much 
greater variety of new forms. Of the Brachiopods only one 



type is very abundant, namely, the Terebratula, (Fig. 161, a.) 
Ainoiig the other Bivalves there are many peculiar forms, as 
the Goniomya (i) and the Trigonia, (r.) The Gasteropods 
display a great variety of species, and also the Cephalopods, 
among which the Ammonites arc the most prominent, (d.) 
There are also found, for the first time, numerous represen- 
'atives of the Cutth-fishes, under the form of Belemnilen, 
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t type of animals, protected by a sheath, 
ical body, somewhat similar to the 




bone of the Sfpi'a, which 
icnTunoLily is the only 
pnrt pre sen ed (b ) 

487 Tlie variety i? 
not le53 remarkable 
among (he RidialP- 
rhere aie to be found lepresemitives of all the classes; 
even inces of Jcll\ fit-hes have been made out in the 
Blnle uf -^olenhoftn in Ravaiia The Polvps were very 
abund i it at that epoch specially in the upper siages, one 
(ifwhch has receded the nJrae of ConI rag Indeed, 
theie are found whole reefs of coials in then natural po- 
sition, similar lo tliose which aie sot n in the islands ot the 




Pacific. Among the most remarkable types of stony Polyps 
may be named the fan'like Lobophyllia, {L.fiabellum, a,) 
ai.d various forms of tree-corals, lAlkodendron paeudosty- 
Una, b.) But the greatest variety extsis among the Echino- 
derms. The Crinoids are not quite so numerous aa. in 
former ages. Among the most abundant are the Pentacri- 
nns, (c.) There are also Co ma tula -like animals, that ig to 
say, free Crinoids (Pterocoma pinna/a, d.) Many Star- 
fishes arejikewise observed in the various stages of this 
formation. Finally, there is an extraordinary variety of 
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Ecliini, among ihem Cidins, (e ) with largo spines, inn 
several other tjpes not found beffre, as, fof example tlie 
Dysat,ur (J ) auA ihe Nudeohtes (g) 

488 riie tiuna of the Cietaceuus period bear* tlie 
Bime gtneral characters as the Ouiilic, but with a more 
nidiked teidpncy towards exLst ng fornix This, the Ich- 
thyosauri and Pltsiosaurt ihnt chui icterize ihe preceding 
p| och 010 succeeded hy gigantic Li/ irds more 
npproaching the Replies of the piesent da> Air 
Molltiskb a gr it number of new foims appear t 
ly among the Ctphalopods * some of whicb r 



neiih 
■ng the 

pecial 
ible the 




as in the Oolitic period, and are in general much orna- 
mented, (n.) The Acephala furnish us, also, with peculiar 
types, not occurring elsewhere, Magas, (a,) the Inoceravms, 
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(6) ll <■ Hippiijttes (c ) anl ppcului Sjnnduh, v.Kh long 
Bp iiPS, <(l ) 1 here is also a great v ir[ct\ ol Gistero 
pcJa, among which are some peculnr formsi of Plea 




Fig 166 
rol^!nar^a {e ) The Eidiates are not inferior In the othcra 

189 Tertiary Age Rfign of Mammals — The most 
BigniBcant charade riMic of ihe Tertiary f-iiina*! is llieir 
great resemblince to those of the piesent epoch The nni 
mils belong in general to the aamp fnmihts, ind mostly 
1o the same genera difttring only as to the spec es And 
ihe ipec tic differences are sometimes so slightly maikcd, 
that a C0113 derihle fimihar tv with the s ib)ect i^ requiied, 
m ordei reiddy to delect them Many of the mo^t abundant 
types of former epochs have now disappeared The changes 
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if a lery pcculiai tjpe of animals, almos* 
unltnonn to the formei ages, as well os to 
ilmm- 



They are liitle 
to geologists under the 
, fiom their coin like ap- 
tly extenane layers of 

it in a philosophical point 
ate no longer piedoni nant 
r amphibian repliles give 
, for IV Inch rea- 



tlie present peiiod 
beied shells, known 
3 of NumtnMhlis 
I IB IW pejrance, and form ^ 
roclvs. (Fig 167 ) 

490 But wh^t IS moie impoita 
nf vie« IS, ihal aquatic animals b 
in Creation The great i 
plac" to niimf lous mammals of g 
Bon, lie hiue calltd this age tho Reign of Mammal!, Here 
aie also fouad the first distinct remains of fiesh-water 
animals 

491 The lowei stage of this formation is particularly 
chaiactenzed by gieat Pachydei ins, among which we may 
meiiton ihe Paleotherium and Anoplollterium, vihu.\i have 
acquired such celebrity fiom the reseaiches of Cuiier. 
These animals, among others, abound in the Tertiary forma- 
'jons of the neighborhood of Paris, The PaleolheriumSj of 




Fig. 188. F 
whicli several species are kno n a e he : 
fbey resemble, (Fig. 168) n some p c 

while Ihe Anoplolhe s a mo e lende 

169.) On this conti e ae fou d le er 

extraordinary animal of g gan a le 

'rue cetacean. Finally hes s „ he ( 
of Monkeys bavr he^n da ec ed 



he T p 8 
m 1 (Fg 
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492. The fauna oflhe upper stage of ihe Tertiary forma- 
tioti approaches yet more nearly to thai of ihe present epoch. 
Besides the Pachyderms, that \vere also predommanl in tlie 
lowfir stage, we find numbers of cnrnivorojs animals, some 
of them much surpassing in size the lions and tigers of our 
day. We meet also gigantic Edentata, and Rodents of great 
size 

493 Thedislrbuton of the Tertiary fossils also rcvuals 
to us the impi itant fuct, that in this epoch, animals of the 
same spec cs weie c rt-umscnbed in much narrower limits 
thin befoip Ihp eirlh s surfice, highly diversified by 
mountiniis and valleys, was divided into numerous basins, 
which, like the Gulf of Me\ioo or the Medilerrauean of this 
dij, contained species not fo ind elsewhere. Such was the 
basin of Paris, that of London, aud, on tliis continent, that of 
Soulh Carolina. 

494. In this limilalioii of certain types within certain 
bounds, we distinctly observe another approach to the present 
condition of things, in the fact that groups of animals which 
occur only in particular regions are found 10 hive alieady 
existed in the same regions during the Tertiarv epoch Thus 
the Edentata are the predominant animals in the fossil fauna 
of Brazil aa well as in its present fauna ; and M irsupi ils were 
formerly as numerous in New Holland as they now aie, 
though in general of much larger size. 

495. The Modern Epoch. Retgtiof Man. — TUeVi-asent 
epoch succeeds to, but is not a continuation of, the Tertiary 
age. These Iwo epochs are separated by a great geological 
event, traces of which we see every where around us -The 
climate of the northern hemisphere which had been, during 
tlcT( I rv c| ch consderhiy varner ban no v so as to 
alio V of le ^rovlh of pain reea n Ic tem| ra e zone of 
or e becaiie ch older a he eni of tl s period, 
caus g 1 e pola glac e s o ad a ce s>o ! n uch beyond 
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their piP\ioi s limit'. It wis this ice,e ther floating like ice- 
bergs, or, as thpre IS still more rei'jOn to bclievt tioving 
along tlie ground I ke the glaciers of the present day that in 
Its movement tonarJs th&h dd dplhdh 

Inidest rocka, and dep d h d h 1 f g 

meiifj biotmht from di ta I I 1 h h d y 

where «icattei,cd about p I I d h h k w 

undei the nime of err b Id g j' d U 

phase of the earth's hi y I be II d by g 1 g 

the Glacial or Drift pe d 

496. After the ice tl d 1 h d m 1 d 

away, the surface of No h Am d I N h i E | 

w^s c d I I q f h g lb 



sidenc f 1 I 






1 h p d h 


we find h d p k 


as 
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dl 1 pi 


forma labl 
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h 


p f ml w 


living 
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Id f h 


animal Id Th y 


PP 




d 1 f 1 


period f 1 w h d 






d d f 


the n f 1 g 
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aliould iiave migrated fi ! 






w 1 d 


Ihnt they were created 






p d th 


marine animals. 
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appearance, there wer p 
and species now living 
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lypes no\¥ extinct, som i h 
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Fig. 170. 

499. It is necessary, therefore, to distinguish two periods 
in the history of llie animals now living ; one in which the 
marine animals were created, and a second, during which 
(he land and fresh- water ammnis made their appearance, and 
at Iheir head MAN.t 



500. 
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X30 GEOLOGICAL SUCCESSIOK OF ihl-MALS 

oi Tlceiitb This progrew cou'iists m an increasing siml- 
liiity to the living fiiuna, and jmong the Veitebraies, e-pe 
CiiUv, in their incieasing lesemblance to Man 

501 But ihi& connection is not the consequince of a 
diiect linenge between the faunas of diffeient ages There 
IS nothing I Ke pajental descent connecting them The 
Fitilies of the Pilffiozoic age are in no respect the ancestors 
of the Kcptileb of the Secondary age, noi does Man descend 
fiom Ihe Mjminils which preceded him in the Tertiary 
jgc The link bj which thev are connected is of a higher 
dud immaterial mture , and their connection is to be sought 
IB the view of the Creator himself, who-e aim, m forming 
the eaith, m allowing it to undpigo the siicci.'isue changes 
which Geology has pointed out, ind in creating successively 
all the different types of animals which ha\e passed away, 
was to intioduce Man upon the surface of our globe 
Man ih the end towards which all the animal cieation 
has tendtd, fiom the hrsl appearance of the iirst Palieozoic 
Fishes 

503 In the beginning His plan was foimed, and from it 
He has neier swentd in any particular The same Being 
who, in view of man's moral wants, provided and decHied, 
thousands of yeira in advance, that "the seed of the woman 
(.hall bruise the seipent's head," laid up also for him in the 
bow els of the ecirth those vast stores of granite, marble, coal. 
Bait, and the various metals, the pioducts of its several revo- 
lutions, and thus was an inexhaustible provision made for 
his necessitips, and for the development of hia genius, ages 
in anticipation of his appeaiance. 

503 To study, in this mow, the succession of animals in 
time, and their distiibution m space, is, theiefoie, to become 
acquainted with the ideas of God himself Now, it the sic- 
cession of ciealed beings on the surfi e of the globe is ihe 
reahiition of an mlinitely wise plan, it tollows ihat there 
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INDEX AND fiLOSSAKY. 



Ac{djpha,a cla^of 
fipeciea of which piuuuufi luiuiui^ 
of the 8kin when handled, 23. 

Ac^phsla, mallu9k9 having no dis- 
tinct head, lilic d]ams, 22. 

Acoustio, pertaining to the sense o( 
lieariiig, 56. 

iullnia, diRestive apparatus of, 97. 

Actinoids, 23. 

Affinity, relaOonship, 30, B7. 

Ages of Nature, 221. 

Albumen, the whila of egg, 42, 111, 



from the heart, 1] 

Aphides, repcoducti 

■pophyKis, a ptojp 

liodyot a bone, 1! 

Appariitus of motioi 



sequenceti of, 167 ; difference be- 
tween, and metamorphoBiB, 167. 

Ambling, 91. 

Aniblyopsia Bpelcus, 5S. 

Ammonites, 22, 230, 232, 233. 

Amnios, 150. 

Amphibia, 95. 

Aiophipods, a family of erusta- 



Analogy, 30. 
Andtifii, metamorphi 
Ancylbeeras, 232. 
Animalcule, a minute animal, 
Animal heat, 122. 
Animal life, 44 ; organs of, 44. 
Animals, number of, 27 ; dist 
tion in Bpa.ee, IBS ; in Ome, 

ai 



177. 



caterpillar. 21; 
iped roolluflki 
hange of blood 



Auditory, pertaining to the sensa 

of hearing, 65. 
Auricle, a cavity of the heart, Uka 

a little ear, ll5. 

■icula deousBata, 224. 
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Balanus, the barnacle, 17fi. 
Basiloaaiirus, 234. 
BatrachiiuiG, the frog tribe, H 
Beak, 104. 

Beleranites, 23(1, 233. 
Bird-tTBcka, in red sands t 
Birds, numlier of, 27- 



B«in,45. 

Brancliiffi, gilU, 120. 

Btanehifers, univalve mollusks 

breathing by gills, 23. 
Bronchi, tubes branching froni the 

windpipp in the lungs, 119. 
Brontes, 225. 
BrVDicia, 23, 225. 
Bucania eipansa, 224. 

Calcareous, ecmposed of lime, 75, 

134. 
Campanularia, reproduction of, 163, 



Canine teeth, 106. 
Caninia flexuoaa, 224. 
Canker-worm, metarao 



Capillary vessels, 113. 

Carapace, the upper covering of the 

crab or tortoise, 75. 
Carbon, the basis of charcoal and 



ocks, 218, 22S. 



Carioorinua ornatus, ■£«. 
Carnivora, animals feeding on tesh, 

30; taetk of, 107. 
Carpus, the wrist, 83. 
Cartilage, gristle, 39. 
Cartilaginooa tissue, 33. 
Cell, 37 i nucleated, 38. 
Cellule, a little cell, 37. 
Cephalopods, mollusks with arms 

Burronnding the head, like the 

cnttle-lish, 22. 
Ceroaria, reproduction of, 180. 171. 
Cerebral, pertaining to the brain, 45. 
Cestracion FhilippT, 204. 



Cetaceans, marinf animals whiefc 
nurse their young, hbe the nhale, 
porpoise, &c., 20. 

^htetetes lycoperdnn, 224. 

;h za h lb m noua thread by 



Ch) , 00, 

Chyme, 100, 112. 

CicBtricula, 141. 

Cilia, microscopic hairs, like eye 
lashes, 81, 112, 116, 120. 

Circulation, B7; great, 111; pulmo- 
nary or lesser, 116; complete, 
116; incomplete, 116. 

Cirrhipedes, Crustacea having curled 
' ' I. like the barnacles, 27- 



, 18, 

cle, the collar. 

jing'^Oa!^""'' 



!, 83. 



Coleopterous, insects with hard 
wing cases, like the dor-bug, 2?. 

Coma tula, metamorphosis of, 170, 



Cornea, the transparent portion of 

Corpuscle's, minute bodies, 39. 

Cossus ligniperda, muscles of, 77. 

Cretaceous, or chalk formation, 2IS. 

Cricoid, ring-like, 66. 

Crinoid, lily-like slsr-fishes, 23 

Crioceras, 232. 

Crustacea, articulated animals hav- 
ing a cruat-lifce covering, like the 
crab and horse-shoe, 27; heart 
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Ctenoid9, fishes which have 

edge of the soiks toothed, 2C 

Ctendphori, »>ft, radiated aniii 

Cutil^-ttsJi, jaws of, 102; heart 
117; metamorphosis of, . 

CyBtho".riiiu7^"aSssimus, 224, 
CjathopLyllum quadrigoniin 

224. 
C;Oioids, fishes ivith smooth sc! 



/« "' 



imbry gy 
of, I 3 



rieciduous.not permanent during a 




lifetime. 19i). 


Entora6Btraoa, 21. 




Eocene formation, 218. 


Ephyra. 184, 169. 

Epidermis, the soaif-skin, 120. 


Oentj^on, form and airangement 


of the teeth. 


Epithelium-cells, 126. 




r.qmvocalrepn)dnction, 168. 


the animal kinsdom, 18. 


Ertatics, rolling stones, 236, 






145. 


Euijpteiusremipes, 225. 


Devonian rooks. 218. 


Eu,l8chian tube, 57- 


Piaphiaam. the partition between 


Ej.ietions, 127. 


the chest and abdomen. 74, 119. 


Eihalalion, 128. 


Bias tale, the dilatation of the heart. 


Evosmose and Endosmoae, the pro- 


lis. 


cess by uhich two fluids pass 


Digestion, 87. 


each way through a membrane 


Diploclsnium cordatum, 233. 


which separates them, so as to 


Dipterus, 226. 


become mingled, 127. 


Diae6photi, dialt- shaped animals, 
like the jelly-fish. 23. 


Eye, 48, simple, 51; agBregate. 


63, compound, 54; deatitution 


Dlslt, a mote or leas circular, lat- 


of. 66; compared to a camera 


tened body, 14. 


obsoura, 51. 


Distoma, toptoduction of. 161 ; in 




the eye of the perch, 171. 


Fa9ette, a Tery small surface, S4. 


Distribution of animals, laws of. 


Family, a group including several 
' genera, 18. 


186; in space, 188; in time, 214. 


Dodo, its disappearance, 210. 
Dorsal oord, 143. 


F^una, 186 ; distribution of, 194. 


Femiii-, the thighbone, 87. 


Dorsal vessel, 114. 




Dorsibtanohiates, mollnsks having 


bones of the leg, 87- 


pllsupon thebaek, 21. 
Drift. 21&, 236. 




Fishes, number of, 27; heart of, 


Drinking, 109. 


116 ; reign of, 222, 223. 


Duck-barnacle. See Anatib. 


Fissiparous reproduction, propaga- 
tion by fissure or division, 166. 
Flight, S2. 


Disaster, 232. 


Ear, 55. 


Flora, influence on a fauna, 187. 


Echlnoderms, radiate animals arm- 


Fluviatile, pertaining to rivers, 27. 


ed with spines extermilly, like 




the sei-urchin. 23. 


Formation, geological, 217. 


Echinus, the sea-ut-hin, 23; jaws 


Fossil, dug Ironi the earth, applied 
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OaleopitWous, its facilities 

leaping, 93, 2IJ7. 
OalerWs, 2S3. 
OallinacecKS, birds allied to tl 

mestic fowl, 190. 



enamolled scale^.tnostly fossil, 20. 
Gar-pike, 193. 
O^teiopods, mollusks nhich crawl 

' - - " -^tened disk, or foot, oo 



the under part of 
the snail '^ 
Gastric jui 



gation by ba 
General prop, 



crocodile, with a long. 



Oeoloeical 
2U. 



of acimala 



nifestation of 

the embrya, 42, Ul. 
OerminatiTe disk, 133, 137, Ml; 

vesicle, 133, 137, I3S; dDt,137,133. 
Gestation, the carrying of ihe young 

before birth, 133. 
GilU, 31, 120, 124. 
Gizzard, 90. 
Glacial period, 236. 
Glands, 127 i Ealivary, 127. 
Globules of ibyle, 100. 
Glottis. 65. 
Goniotnya, 230. 
Grallatores, birds with lone logs for 

wadinl, 20. 
Orand-nurees of Cercaria, 162. 
Oranivorous, birds feeding on grain 
" " ^-tone, 216. 



Gulk 



,99. 



Ilamites, 232. 

Hand, 83. 

Harmony of 0151113, 106. 

lU?Ting, 5-5 
Heart, 114. 



Homogeneous, uniform in kind,128. 
Homofogy, SO. 

Humerus, the shoulder-bone, 81. 
Hyaline matter, pure, like glnss, 39. 
Hydra, egg of, 133 ; yi:opasat[oa ot, 

156, 158. 
Hydrogen, a gas which is the prin- 

eipal constituent of water, il. 
Hydroids, a family of polyps, 23, 

[chfhyosaurus, 229, 232. 

■ terus Baltimore, neat of, TO. 

-neous, that have been acted upon 

by Are, 215. 

ludnodon, 229. 

obibition. 127. 

of life, 43. 



Labyrinthodon, 228. 



of the lizard 
U which take up Iha 
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Larva, the caterpillar or ivotm at 

Laryns, 6S. 
Lasso-celts, ItD. 
Layers of the embryo, 142. 
Leapitij;, 91. 
Lemming. 190, 197. 
Lepttena alternata, 224, 
Leatris, 73. 
Ijfe, 35, 44. 
I,imb3, 5i. 

», pantsitea of, 160, 183. 

Liver, 139. 

Lobophyllia fiabellum, 231. 

Liib$ter9, mode of switunuDg, S 

!i«r«ouas)'stpni,4e. 
Lacomotion, 79; oi^aus of, G 

modes of, 33. 
Loligo, anua of, 180. 
Lungs. 118. 
Lymphatic vessels, 100. 

Mat 



) GLOSSABT. 



Heta n rphic rocks, 216. 174. 
Meta. lorphosia, 149, 167; of Iha 

elk vofm, 173; canker-worm, 

170 dnck-bamaclfl, 177; star-fish, 

178 c matula, 179. 
M crastei oor-anguinum, 232. 
M ocene formation. 219. 
Moder age, 222, 233. 
Molar teeth, 106. 

Molet les veryininuteparliclca,35. 
Mollu ka aoft animate of the Ensil 

and oyster kind; heart of, 117; 

hier of 129 ; number of, 27 ; meU- 

roorphoBiBof 179 



ips, 232. 



their younf 
reign of. 24 



19 ; number of, 27 : 



iahed with 
, reprodac- 



luiu. c^Lu i,...icipally compoaed 
of deoayed sheila and ootals, 216. 



for carrying their younB, e 



tie 



1 in wliich the em- 



i of, 183. 
Maraupltes, 233. 
Mastication, 101. 
Maslodi 
Matrix, the oraan ir 

bryo ia developed, 

Medulla oblonRata. continuation oC 

the brain into the back-bone. 
Medusa, jelW-like animals livma m 

the aea, 23; development of, 163 , 

digestive organs. 93 ; rr " " "" 
HegalobnlrachuR, 209. 
Meealosaurus, 229. 
Meiocrlnus amphira. 224. 
Memory, 68. 

21" 



Tl^f^fi 



Njxme glutmosa, ita eye, 55. 

Natatorea, birds with webbed feet 

for swimming, 20. 
Natica, tongue of, 102 ; heart of, 117. 



' "y^e'y.""' 



item, 44 ; in mammals, 
ticulates, 4S : in crusta- 
; in raiiiates, 47. 



Nucleolites, 232. 
Nucleolus, a little nuci 
Nucleus a kernel, c 

central portion, 38. 
Nudibranchiatea, i 

thegilUfloatingt 



lolluski haviu! 
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Ocelli, minute eyes, 52. 

Oc(»pu9, arms of, 180. 

Odors, 61. 

(Bsoptagus, the gullet, 46, 99. 

Olftictoiy, pertaining to the senst 

OmntTOra, feediuff upon all kinds 

of food, 107. 
OolitiG formation, 218. 
Operculum, a cover for the uporturt 

of a shell. 
Ophidians, animals of the serpent 

Ittnd, 20. 



Otthtoeraa fusiforme, 225. 

Osseons tissue, 39. 

Otolites, little bones in the ears of 

mollusks and crustacea, 59. 
Ovary, the organ in which eggs 

originate, 133. 
Oviduct, the passage through which 

the egg is excluded, 13i. 
Oviparous, producing eggs, 13!. 
Ovia niontnna, 192. 



hatch 1 
body, 13 



roduetion of eggs, 
13*. 

S',"*!, ns^ia"^ '" '^^"^ '™ 

PachTd^rmata, Ihiok-skinned ani- 
mals, like the elephant, hog, &c, 
107, 234. 

Pacing, 91. 

Paleontology, 215. 

Falceozaic age, 222, 323. 

Paleothf rlum, 234. 

Palpation, the exercise of the touch. 



Fai^la, a little pimple, 62, 
Parameoia, reproduction of, 157, 
Parasitic, living on other otjeets. 
Passerine birdsof theeparrowkin 



GLOSSAKT 
Pcdimelec 


Pedicl 


a slenders 


Pel 


is, the 


cavity 


formci by 


h 


p bone 


.87. 




Pen 


tacrinus, 231; 






180, 






Per 




67. 




Per 


^efTa 




birds, 20. 


Per 


phetic. 




surface, IS 


Per 


«laltic 


motion, 


100, 



Pelrifaol 



3, 215. 



Phalanges, S3, 
Pigment, a coloring substance, 40. 
Pituitary membrane, 61. 
Placenta, the organ by which the 

embryo of mammals is attached 

to the mother, 152. 
Plicoida, flshea with a rouah akin, 

like the shark or skate, 20. 
Planaria, its digestive apparatus, 

OS ; an eye of, S3. 
Plant-lice. See Aphides. 

Platynotus, 2 






.eform 



Pleii 

Plesi , 

PleurotomarU, 233. 

Ploceus Philippinus, neat of, 70. 

Plutonic rocks, 215. 

Fodutella, mode of leaping, 92; eat- 
brj'D of, 144 : egg of, 13% 

Polyps, a small amnial fixed at on« 
end, with numerous fle.\ible feel- 
ers at the other, 27, 53; repro- 
duction of, 158. 

Prehension, act of grasping, 109, 

PrLSidve''BUnpe, 143. 

Prnligeroue," the part nf the egg 

bearing die embryo, 141. 
Priteus, 209. 
Protosiutus, 22S. 
Protractile, capable of being ex- 



Pulmonary, relating to the lungs, 

lis. 

Pulmonates, mollusks vrhich 

P^pTiO.""' 

Pyrula, cgg-cascsof, 135. 

Quadrumanous, four-handed. 201 
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Kelntion, (ii 

Eeproduotion, 131 ; peculiar modes, 

166. 
Reptiles, number of, 27; reign of, 

IlespKation,97, 113. 

Bete mucosuni, 129 ; retina, 49. 

Retractile, that may be drawn 
. baeV,84. 

Bhixodonta, 20; of the tria9,22S. 

Rhizopods, 22. 

Rocks, clsieifieatiDn of, 216: defi- 
nition of, 213. 

Rodents, quadrupeds with teetii far 
gnamng, 107. 

Rodfers, jaws of, 103 ; eggs of, 172. 

Ruminants, quadrupeds which chew 
the cud, 107. 

Running, 91. 

Eytlna St&lleri, 310. 

Sal^nia, 233. 



ing, 20. 
Soapnites 



jirds adaijted for climb- 



., eye of, S3; digestivi 



Secondary age, 222, 227. 
Secrstions, 97,128. 
Sedimentavy roeks, 21S. 
Segment, portion of a 



s, made of iii 
rocks, lowe 



Skeleton, 74. 77. 



Species, constancy of, 67 1 definition 

of, 17, 169. 
Spina marrow, 45, 
Spondyli, 233. 
Sponges not animal. 41. 
SpoQlaueouB genetjition, 171, 



Standing, S 
Stapes, 07. 
Stai-Ssh, n 



SttBrnata, opemngs m 
the admission of air. 
Stomach, 97. 
Stratified rocks, 215. 



Suctoria in 


ects 


taking their food 


^ by sup'ticn 


21. 








3. 






Sylvia suto'n 


a, n 


St of, 70. 




Systole, the 
to force o 


tth 


action of th 
blood, 116 


heart 


Tape-wotm 


reproduction of 


140. 


Tapir, 204, ' 


34. 








ancle 


87. 




TMt^82. " 








Teetb, 104. 








Temperate 




,198. 




T.gj.,..,, 


latir 


g to tbe te 


mples. 




Tentacle, ti- 


eho 






the head 


of 


mJllnsks,'* 


suallj- 


bearing th 


eey 






Terebratnla 


m 
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Test, the bristle crust eovering the 

erustaceans, So., 75- 
Teuthidaans, the family of cuttle- 



i'issiies, 37; areolar, t 



■thelee,87. 
; cartnagi- 



Toiigue, 62. 

Touch, 63. 

Trachea, the -windpipe, 119. 

Tracheie, the ait-tubes of insects, 
118, 123. 

Transudation, 127. 

Trias formation, £18, 223. 

TriRania, 230. 
Wlobitee, 21, 33. 

Iroeholltea ammaaius, 22S. 

Trnphi, oraaus for feeding, of in- 
Eects, crabs, &c. 

Tropical faunas, 204, 

Ttot, 91. 

Tubulibranchlatea, 21. 

Tanioata, moUuaks with a leathery 
covering, 199. 

Turrilites, 232. 

Tympanum, a dram ; the membrane 
separating the internal and exter- 
nal ear, 67. 

Type, an ideal image, 18. 



Ulna, 
83. 



3 of the bones of the ai 



Vascular, eompoaed of vessels, V, 
Vegetatire life, H, 90 ; layer, lli 
Veins, 113. 



Ventricle, a cavity of 



having abacit-botiB, 19, 

imall membranous bag, 

, poreh ; the entrance to 
1) oa-vities of the ear, fl8, 
lOving to and fro, 112. 



Viviparous, producing living young, 

131. 
Voeal ccnls, 65. 
Voice, 64. 
Voluntary, under control o( the will, 

43. 
VorticeUa, reproduction of, 167, 158 



u-lilooded ai 



ioinials,123. 
Whale, fans of, 104. 
Whales, mode of smmming, 9*. 
White-fish, development of, 115. 
Windpipe, H9. 
Worms, 21; eye of, 63. 

Zoology, its sphere, 2.5. 
Zoophytes, animals of a very low 

type, mostly fixed to tile ground, 

of a plant-hke tonu. 
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LIST OF THE MOST IMPORTANT AUTHORS 



GENERAL ZOflLOGY. 

Aristotle's Zoology; Ijiinsus, System of Nature; Curisr's Anim 

Kingdom; Oken's Zoology ; Humboldt'fl CoBmos, and Views of Natur 

Spii, History of Zoological Systems ; Cuvier'a History of the Natur 



ANATOMY AND PHYSIOLOGY. 
Henlo's General Anatomy ; anil roost of the largw worlts on Compara- 
tive Anatomy, Physiology, and Botany, such as those of Hunter, Cnvier, 
Meckel, Mnller, Todd and Bowman, Grant, Owen, Carpenter, Ryraer 
Jones, Hasaall, Quain and Sharpey, Bou^ery and Jacob, Wagner, 
Siebnld, Milne Edwards, Carus, Schleiden, Burmeislor, Lindley, Boberl 
Brown, Butrocliet, Deeandolle, A. Gray. 



Sohwann, on the C.onformitj in the Structure and Growth of Anima 
and Plants. 
Dumas and Boussingault, on Respiration in Animals and Plants. 
Valentin, on Tissues; and Microscopic Anatomy of the Senses. 
Stemmering, Figures of the Eye and Ear. 
KolUker, Theory of the Animal Cell. 
Bteaehet, on the Structure of the Skin. 
LtKotmtimt; Weber, and Dugos. 

Teelhi Fred. Cuvier, Geoff. St, Hilaire, Owen, Nasmyth, Ratzins. 
Blood; Dollinger, Barry. 
Digestion; Spallanzani, Valentin and Brunner, Dumas and Boussi 



INSTINCT AND fC^TEL LICENCE, 
enbach, Spurzhcim, Combe. 
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EMBRYOLOGY. 
Purkinjc, Wagner, Wolfe, Rathka, Bischoff, 



PECULIAR MODES OF REPRODUCTION. 
;rg, Trembly, ROsel, Sars, Loven, Steenslrup, Van Beneden, 



METAMORPHOSIS. 
St. Merian, E«3el, De Geer, Harris, Kirby and Spenc 



GEOGRAPHICAL DISTRIBUTION. 



GEOLOGY. 

The Works of Mutchison, Phillips, Lyeli, Mantel!, Hugh Miller, 

Agaasiz, D'Arthiao, De Beaumont, D'Orbigny, De Vemeuil, Cuvier, 

Brongniart, Deshayes, Morton, Hall, Conrad, Hitchcock, Troost, and the 

Reports on the various local Geological Surveya. 

Very nuny of the papers of the authors aboxe referred to art not pub' 
lished in separate Tolumes, but are scattered thiot^ the Tolumes ok 
Scientiiii! Periodicals ; such as the 

Transactions of the Royal Sociolj of London. 

Annals and Magazine of Natural History. 

Annalea, and Archives, du MusBum d' Hist. Naturells. 

Annales des Sciences Natnrelles. 

■Wiegmann's Archiv for NaturgeEchichta. 

Mtlller's ArohiT. 

Oken'B leis. 

Berlin TransactionB. 

Transactions of the American Philosophical Society 

Memoirs of the American Academy. 

Journal of the Academy of Nat. Sciences, Philadelphia. 



ton Society of Natural Hist 
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VALUABLE 

LITERARY AND SCIENTIFIC ¥OMS, 

GOULD AND LINCOLN, 

59 WASHINGTON 8TEBET, BOSTON, 

AWNFAIi OF SCIEFTIFIC DISCOVERT FOB 1959; or.Tear- 

menls In Mc(;]tn:ilc3, UsErul Aru, Natural Pbiloaophr, Ohemlatry, AattonoiDy. Al«Uoro1- 
ogy, Zoology^ Botany^ MlaeralDsr, Geology^ Geography, Antiquities, &c-« together wl^ a 
IlatorresfntSclenltficPiiUicsllons; a classified lIstoF Falfnls | Obltusrl<?s of eminent 
Boienlifiolieni an loaeit of Imporlanl Papeni in SoLenUflo Joiinisle, ReportB, to. Ed. 
ited by SiviD A. WiiLLS, A.M. WiUi a Poctralt oC ProC. O.M. MltcUell. ]2iiio, cloth, 
Jl,2!k 

ors Agnssli. Silliiiian, Honry, Sache, Uoury, Hllelicocli, Kichard U, Hoe, Prab. Jet 
fries Wjmaii, and H. », Bogein. Nine ?oluiuea, lamo, cloth, $1.86 per lol. 



IIirPI.X7EKOE OF THE HISTORT OP" SCIBWCB UPON lET- 
TELLEGTEJAIj BBUCATIOM". By Williim Whewrll, B, O,, of Trinity 
College, Eiig,, and the alleeed inlhor of ' ' Plurality of Worlds." 12tao, cloth, 25 ola. 



KNOWI^T-Oai IS POWHB. ATlew ot Uie Prodncdve Porooaof Modfm 

nuEoeroua Elusttjtbms. American Edition. Revised, with Additions, by Dino A 
Watls,BdU«iifthe"AjinuslotBolcnUfloDlMO*eij." ISmo, doth, $1.25, 
^S^^ThUU'aapho^iiaayahoBtJbrtliepPiplg- U i»ptiLtllfl DH imraeuH amaunt of iinpcitt*11 
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WORKS OF HUGH MILLER. 

THE OLD BSD SANDSTOBTB ; or, Neh Walks in an OH Field. IllaElraHa 
by UiaaddJUonodieiifinitlerBDa new IliuatnilionB, etc. 12100, clolh, (1.26. 

improrftdp ttftd aa Appendiit of new Notes. 

THB POOT-PHIWTS OF THE OBBATOBj or, the AbWtoIepLs of Strom. 
12019, cloth, $1,011, 



m iirK and tba ii^nUSf pempti 



THE OKUiaE OP THE BETSEY; or, a 



ISY FTEST IMPRBSSIOrra OF EWOLAUD AND ITS PEOPLE. 



■.A.-Y OTSr aCOTLAlMD. 
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IMPORTANT WORKS. 

A. TREATISE ON THE COMPARATIVB AWATOMT OI" THE 
ANIMAL KINQDOM. 11/ Profe. C. Tu. Vo3 SiKnm.D nml U. Sriasrua 



UNITED STATES BSPLOBtNGt EXPEDITION; dnrin 
lS3S.183i,J311). 1341,13*2, unlerCHAitLGS Wilkes. ¥. 8. K. Vi>1, xii. 

Wol.LL'sci ABB Shells. By AcuiMTUS A. Gould, M. D. BlegaiU quarW to 
SS,00. 

THE LANDINa AT CAPE ANNE i or, Thb Ch:1btkb or the Fi 
KBsr CoLoay oa tm> TKnnnoav af thb M.ssicHDiBTra CoMPisr. Now 

and s HmoET of tde Oildst, l&2i^-ie2a, aaiist Gonant, Oovi>nior. . 

GATIi TrOKXTOH. SfO, cloUt, {1.50. 
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THE CfitriSB OP THE NOETH BTABj A Nurrative of the Bion. 
intule by Mr. Vaiiderbill's Parly In thn Steam YmUI. iii iicf Voyage to England, Ru 
Eeiiniark. Irance. Spain, Italy, Malta, Tni-kej, Madelm, &c By Bav John Orni 
Ciii)Di.i4, D, D, With elegant IlluEtr.uiOiis, &c. iaiiLS,clatb, gill backs and sides, $1 
cloth, gUt, $it.00 ; Turkey, gill, $3.00. 

PILO-BIMAGa TO EarPTj enrtraeiog a Wary ot Iiptocall™ on Ihe ' 
wllh Obserratloos llluatratlTO of the Manners. Onatoms, and Inalimtions of the IV 
and ortliepreaentcDnditiDnDrclw Antiquities and Ruins. By Hon. J. V. 0. Smith. 



COMPLETE POETICAI. WOIIXS OF "WILLIAM OO'WPERj 



POETICAL WOBKa OF SIB WALTEB SOOTT. I^to ™d Iiiusl 
MILTON'S POETICAL WOBKS. With a Life and elegant IHnslralio 
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IMPOKTAHT NEW WORKS. 

OTCIiOP.fflDIA OF ANBODOTE3 OF LITEBATUBE AND 
TH2I FIIJS ABTa. Containing a copious and choice SBl«cIiua of Anecdotes 

Poetry, Painting, aud Bcutplurf, nod of (lie moat celebrateil Litetar; C&Hructere uod 
Arliati of dieerent Couiitrisi and Ages, tv. By Kiilttt Ariisb, A. M., oulhor of 

oDUvo. Ololh.p.OO; sbeep,£3,M; dutli, gilt, f4.U0 ; hair cair, tl.OD. 



Royal uctavDj ctoUl, $0.00. 

Prof, UuflOD, tbe Author, O. A L. Are permltwa to piiat 
Ihe anlliorlud AnieiiEan nuijli'he^aol^rhlff magniacentat 

THE OBEYSON I,BTTEI«. Selections 



p<iflterity.'' — iflni^oji Qiio'-ierfl/- 



ESSAYS nr BIOtJRAPSS" AMD OHITICISM. By Peter B 
A.,aulhoror "TheClirlatinii Ufc, Social and IndiTidual." Arrangea io two I 
P«rta. limo, cloth, each, S1.25. 
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CHAMBEKS' WORKS. 

CHAMBEES' CTOLOP^DIA OP BNQUiaH IiITEBATUBB. A 
aelfctHpu of Hie tholwst iiiwlucHoua <.t ISuKUah AuUiurs. tram the eaiiiew lo th= present 
time. Cminected by a CriUail miil Biugrnphical Hislurjr. BonuLng two iBrue imperial 



NOOlfhelcallr itrflDgaS, o 






CHAMBBBS' MiaCELIiANY OF USEPOIi AISTD ENTERTAIN- 
ING KNOWLEDGE. Edilea by Wh-uum Chihbmks. Witli elCKant llluatni- 
H>e BugnitiTisa. Ten Tulumes. Cki*, tJ.60 ; cloth, gilt, SlO.flO ; libi^ary Bheep, $10.00. 



CHAMBEEB' HOME BOOK; or. Pocket Miseellaiir, coiiti 
lame, cloUi, $3.00 ; library sbeep, $i,oa ; half eolF, $6.00. 






iiioiu', ebth, siltbjcU, SlEC 
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VALUABLE WOBKS. 

THE LIMITS OF BELIGIOUB THOUGHT EXAMIKEB. Br 

cliilciL KM",!^, Osfoiil, EditQt ot air WIHlim Hnnii«iin's Lectnrea, etc. etc. WiUi Ihe 
Copiuua NiriKjutUieToluiue truD^AbidfOr theAiocrilHiu Hdiciuu. ISuiD, cloth, fl 2B. 



BTBST THINGS! ' 



THE PKOQBBSS OP BAPTIST PitrHCIPI^S Uf THE I.A.ST 
HuETDBHI) YEABS. By T. S. Cubib, Pi-ulcuair of IbeoloCT lu the Lswlaburg 
Uulvtrelty, IV., uiul uuthor of " CuunniuiiDii," lie. 12inD, cloth, tl.Si. 
I^iuentb' worthy of iliB DHehtEab, not only of nap^BlSs bJit of alt oUier ihtiomfwrtfnns. In hli 

fllfftioH^ Uuum tho olQect of tlili volumo U not to pxhil>it or d^lV^d tlia BnplisU, ^tAfiu-pri«« 
rff/iee. It u CDDildonlly ptonDunecid tliQ bst uhlbLliop of BnpEdrpt vlevB und pKbcl|il«B 4XEJUU. 

TnOUOHTS ON THE PHESENT OOLLEQIATE 8TSTEK Id the 



THE PULPIT OI" THE REVOLUTIOM; or, The Polllical SBrmons of the 
K™ ot ITie. WKh nn lotroduolion, Uloswphicnl Stetches ot the I'tcndwrs niirt Hiilorl. 
t;i\ Nolta, Flc, Bj JOFTS WisGiTE Tkoentok, author o( " The laoiliDg at Cii[ie Anne," 
etc. ISuio, clotli. In press. 

THE EIGHTEEH" GHRIfTIAN CEKTUEIEH. By thell*v Jiueb 
THE PLUBALITT OF "WOSI.DS. A Kaw EniTioj. Wth o SoppleMUBi- 



TSEOAMEL; HlsOrgnnteMLoD, Had 
EtaiillikoplLr. 12uio,c]oEh,G3 CIS- 



'. Dityleiriitlhjlirihedli 
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VALUABLE TEXT-BOOKS. 

THE LEGTUKES OP SIE WILLIAM HAMILTOH", BAHT., laU 

aiL and Iuxjical ConsdJiti i wLtli NuteUi trisa OrlgLiuLl £dali;rUld, uud uo ApjieiHlix, doq- 
tabling tli0 AuUiur'a LiuuBt i)i!vdo[iqieuL uf Jib H uw Lug EcuL lLeurj« IfldiUHl by Uev. 
IIbbhi liUHQumiLi-B MiSSBi, U. D., I'lMf. ot Muml aiid Jletfiphysloftl thUusoplir in 
Ui^filidsii OollcKe, OxTuid, audJuBs Vutch, M. A,, ot liclinbiicKti, luttro to/aloctnra 

1. QlBTAPBVflicAL Lectodss (jiow veadi/). Royal oclaTOf cUhLIi. 
11- LoEioiJ' LiLTUKSs (in prfparation). 



MEHTAL PHILOSOPHY; Inclndipg tHe Intclleot, tha Sen^bilitieB 
Will. By JoaspH Hives, Prof, ot IntoUeclBttl and Moral PMoBopliy, imhere 
IU>yal l^niD, cLuth, «iiili036ed, $1 00' 



arb«B9 of stylo, pufplculty of 



TSaSAUHUS OF EKGLISH -WOBUa AMD PHBABES, e 
Society. LondoD. &o. Ki 



PALET'S WATUHAL THEOLOGY. Hlostritea by forty Pbitea, with 
vritb elOBaot oowly eiigraveEl plnt«fl- 12mo, cloth, eraboaaed, $1.2&. 
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GUYOT'S WORKS. VALUABLE MAPS. 
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OOMPARATrVB PHySIOAI. AWD HISTOHICAL GBOG-BA- 

■ PHY i 01-, Ihe Study of the Earth aiid lolmhltaiils, A S<:i-ies of Graduated Conrseo, 

GCTYOT'S MUEAL MAPS. A series of elegant Colored Maps, projecled on a 
large Kile for the Recitation Ruum, mi.sisting of a Map of the World, North and a™Ul 
America, Qeo^niphical Kleiiieiits, &c., BiJiibitliig the Fhyaioil Fhenumon!! of liie Globe. 






nd div^R^l oaUIJie tlf l&e geolooi/ of m 



HAIiIj'3 aEOIiOGIOAL CHART; eivIiiBajiIllealS«ellnn i 
Geolngloal rornmtioTis, with au Acti.il Section from the AUanllo to llie 
By Prof. Jijrea Hill, of Albany. Mounleil, (B.OO. 

i KEY TO GEOLOGIOAL OHAKT, By Ptaf. Jaues Hji. 
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VALUABLE SCHOOL BOOKS. 

EOMfl-U ANTIQ,TJITIBS AND ATJCIEH-T MYTHOLOG-T. n/ 



A NEW INTERMEDIATE SYSTEM OF EHGUSH GEAM- 
MAE. By W. 8, Diants, A. M. 13mo, hiilf mur., TScla. 



BLAKE'S KATUEAIi PHILOSOPHY; he ins ConTersMlona op Phl1i«ophy, 
Titli EnplnDntor; Notes, Qneatinne for ClKaniinatlm, and a. Dictionary of Philost>p)iicii[ 



THE OIOEBONIAlf; or, the Prqseian n 



MBMOEIA TBOHWICAj or, i 



flc^-.,..,, Lnoo^le 



BOUID AND LINCOLN, 

CD 'WiSHIHGTON STREET, BOSTOH, 
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